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HIMALAYAN FOSSILS. 



Volume I, Part 1. 



UPPER-TR1ASSIC AND LIASSIC FAUM OF THE EXOTIC BLOCKS OF 
MALLA JOHAR IN THE BHOT MAHALS OF KL'MAON. 

(Collections made by the Geological Survey of India in the year 1900.) 



BY 

CARL DIENliR, Ph.D. 
Professor of Paleontology at the University of Vienna. 

INTRODUCTION. 

The following descriptions of fossils are based upon the rich collections gather- 
ed by the late Dr. A. von Krafft during his survey of the frontior district between 
Hundes and Malla Johar in the year 1900. T hp J' represent, for the most part, 
completely new material. 

During the expedition of 1892, in which Griesbach, Middlemiss, nnd myself 
took part, a single f ossiferous block of red limestone was discovered near Sangcha 
Talla enoamping-ground, at the head of the Kiogurh river. It yielded some frag- 
ments of Jooite$ two. $p. ex af. J. botnemis, which, according to E. v. Mojsisovics 
(Palseont. Ind. ser. XV, Himalayan Fossils, Vol. Ill, Pt. 1, p. 18), proved the block 
to belong to the camic stage of the upper tria . In 1900 Dr. A. v. Krafft made an 
exhaustive study of the exotic blocks in the neighbourhood of the Balchdhura. He 
found the upper flysch and the basic igneous rocks of the district to abound with 
exotic blocks, some of which yielded a large number of well-preserved fossils. 

The geological results of this survey have been summarized by A. v. Krafft in 
a very interesting paper, forming Vol. XXXII, Pt. 3, of the Memoirs of the Geolo- 
gical Survey of India (Calcutta, 1902). The majority of f ossiferous blocks dis- 
covered were of permian a?e. They have baen marked on the map accompanying 
Dr. v. Krafft's memoir as B. B. Nos. 9, 11, 12, 13, 15, 18, 19. The rich fauna of 
block No. 9 has been described in my momoir on the permian fossils from the 
Central Himalayas (Palseont. Ind. ser. XV, Vol. I, Pt. 5, pp. 62-100). 
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Besides this considerable number of exotic blocks of permian age, some fossil - 
iferous blocks containing triassic and liassio faunae have been recorded by A. v. 
Krafft. Evidence has been obtained of the representation of the following; strati- 
graphical horizons : — 

1. Lower Tria$ (E. B. No. 20 on map). A large block of a dark red, earthy 
limestone, thin bedded, with Dannbites nivalis Dien., Flemingites sp., Meekoceras 
sp., probably bomotaxial with the Hodenstrcemia beds of the main region of the 
Himalayas. 

2. Lower Mnschelkalk, doubtful, some badly- preserved Ammonites in a loose 
block {Vrocladiscites cf. Yasoda Dien. ?) poiuting to the fauna of the Middlemiss 
crag in the Chitichun area. 

3. Ludinic or lotcer carnic stage (E. B. No. 1). A dark red, very ferrugi- 
neous limestone yielded a few specimens of Baonella indica Bittn. 

4. Upper carnic stage (E. B. No. 2). From a bright red marine marble like 
that of the Hallstatt beds, about 1 mile to the north-west of the Balchdhura pass, a 
very large collection of Ammonites was obtained, most of them closely related to 
species characteristic of the zone of Tropites siibtullatus. The following list of 
fossils, based on a cursory examination of tho materials from this block, is given by 
A. v. Krafft on p. 143 of his memoir : — 



5. Dachsteinkalk (E. B. No. 8). No fossils. 

6. Lower Lias (E. B. Nos. 4, 0, 7, 16, 17). In a very earthy, brick red, thin- 
bedded, nodular limcstono several species of Arictites and Vhylloceras have been 
found. In preservation they are exactly ident cal with the Lias of Adneth near 
Salzburg in the Eastern Alps. 

The fauna) representing tho three horizons, 3, 4, 0, have been submitted to me 
for examination. They are of particular interest. The Subbullatus fauna from 
oxotio block No. 2 is tho first upper-triassic fauna obtained from a facies iden- 
tical with the famous Hallstatt limestone of Austria, and differing considerably 
from what is seen in the main region of the sedimentary belt of the Central Hima- 
layas. The liassio fossils from exotic blocks Nos. 16 and 17 are the first as yet 
recorded from India. 



Clarfi-ieite* iubaratua Mojs. 
I'/tvllorerat Y.bntti Moj*. 
Juvavitet [GrietbackiUi) Mtiltgamttt Stol. 
J recites dir. up. 

Jovilet tp. ex aff. ho'ntntit Mojs. 
Placitet tp. ind. 

Tropitu tp. off. flbullatn* Hauer. 



tp. aff. aeulaiignlut Moj*. 



„ sp. off. Burlhi iMoje. 



„ i/j. off. spuusus Mojs. 
Xaufitnl */>. ind. 




UPPER-TRIA8SIC AND LIA88IC FAUNiE. 



I. — F088IL8 FROM EXOTIC BLOCK NO. 1 (BALCHDHURA HEIGHTS). 

The fossil materials from this hlook available for examination are extremely 
scanty, consisting of two fairly well-preserved casts of Daonella indica Bittn. and 
of the fragment of a Halobia. 

Daonblla indica Bittner. PL VIII, fig. 1. 

1899. Daonella indica Bittner, HiwoUjan Pom. FalsontolaffU Ind. ser. XV, Vol. Ill, Pt. 2, p. 39, PI. 
VII, 6gi.411. 

180(1. Daonella indica A. r. Kmfft, Gji*m! Report, Ge>l. Sort, of foils, for 1899-1900, p. 209. 
1902. Daonella indica A. r. Kr.«, Men., Geo). Sanr. of Io4L, XXXII, Pt S. p. 14$. 
1907. Daonella indica Dlro.r, Himil. Fo.a. 1. o. Vol. V, Pt. 3, PI. Ill, 6jr*. 6. 1, 10. 

The specimen illustrated — a right valve with fairly well-preserved soulpture — 
agrees in all its characters with the types of this species, which have boon figured 
by A. Bittner. It is of very larga size and scarcely inferior in its dimensions to 
any of the examples known from the Central Himalayas of Painkhanda and Spit!. 
Its exact measurements cannot be given, tho outlines of the shell being but partly 
accessible to examination. 

There is no anterior ear developed, but the radial ribbing reaches the hinge- 
margin on either side of the apex almost in full strength. In accordance with the 
large size of the specimen the majority of secondary ribs are subdivided in the 
vicinity of the margins, especially so in the middlo of the shell. 

The ribbing is very regular, being characterized by the almost uniformly 
bipartite structure of ribs and furrows. 

Halobia sp. ind. PI. VIII, 6g. 1. 

Together with the illustrated specimen of Daonella indica a fragmentary cast 
has been noticed, showing an unmistakable anterior ear, which has probably been 
flat and narrow. The ribs arc very delicate and undulating, but are curved back- 
ward in the middlo of the height of the valve. They begin near tho umbo, but are 
rather distant and exhibit a bundle-like arrangement, which is due to a very regular 
intercalation of new ribs of a second and third order. The wrinkles of growth are 
closer set and stronger than the majority of ribs. 

Among European species it is probably the group of Halobia rareitriata Mojs. 
to which the present form is most nearly allied, but its preservation is not sufficiently 
perfect to justify a specific determination. 

CONCLUSIONS. 

As has been remarked by A. v. Krafft, no definite age can bo assigned to the 
limestone of exotic block No. 1 with Daonella indica. In the Himalayas this 
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species is not confined to a distinct stratigraphical horizon, as had been suggested 
by Bittner, but is of comparatively wide stratigraphical distribution, ranging 
throughout the ladinio into the lower carnie stage. In Paiukhanda it has its main 
layer in the bed with Norellu Kingi and Norelln tibetica, immediately overlying 
the Traumatocrinus limestouo of lower carnic age, but it has nlso been discovered by 
A. v. KrafTt in the thin-bedded limestone series separating the Traumatocrinus beds 
from the main layer of Ptyckites rugifer. In the Cephalopoda-bearing limestone 
near tho llalphu glacier (Lissar valley) it is associated with a fauna of Ammonites 
which is certainly older than that of the Traumatocrinus limestone. In Spiti it 
occurs both in tho Daonclia limestone and in the Daonella shales, where it is asso- 
ciated with Daonella LemmeU, Prolrachyceraa Archelaus, and numerous species 
characteristic of the ladinio stage. 

Exotio block No. 1 may therefore represent either the ladinic or lower 
caruic stage. Tho presence of a true Ualobia is rather in favour of the latter 
alternative. 



II. -FAUNA OF EXOTIC BLOCK NO. 2 (BALCHDUURA HEIGHTS, 

ABOUT 18,000 FEET). 

Among all mesozoic faunas from the exotic blocks of Malla Johar this is by far 
the richest and best preserved. The specimens are in preservation exactly identi- 
cal with those from the Hallstatt marble of the Rocthelstein near Aussee and they 
re often provided with their test. 

LAMELLIBRANCHIATA. 

The materials collected by A. v. KralTt are so scanty and so imperfectly 
preserved that it is impossible to venture on a specific identification of the single 
valves, none of them allowing an observation of any characters of generic impor- 
tance. Another reason which renders the fragmentary examples lying before me 
unfit for determination is tho incomplete state of our knowledge of the Lanielli- 
branchiata uf the Hallstatt limestone, Daonella, Ualobia, and perhaps Monoti«, 
being the only genera of the class which have been treated thoroughly by previous 
authors. There is only one single specimen admitting of a special description, 
although a more minute investigation into its relationship is impracticable on 
account of its incomplete state of preservation. 

Cassianklla sp. ind, PI. VIII, fig. 0. 

A cast of a left valve of large size deserves mentioning on account of its simi- 
larity with Alpine representatives of the genus Oassianella. 

It is considerably inflated, of nearly equal length and height. The central 
inflation of the valve exhibits a saddle-like depression in the middle, which is, 
however, but faintly marked and extends from the umbonal region to the ventral 
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margin. The strongly vaulted posterior wing is separated from the oeotral portion 
of the cast by a sharp incision. Otherwise there is no interruption to the regularity 
of the posterior slope. 

The anterior wing has, unfortunately, not been preserved. But two slight 
kecl-like ribs are recognized along the anterior slope of the umbo. These are the 
only radial ribs, otherwise the sculpture of the shell, which has been partly pre- 
served, consists of numerous and deliciite concentric lines of growth. The beak is 
strongly incurved and with its apex shifted autoriorly. It projects above aflat 
area of moderate width, whose lower borders are not distinctly known. 

That this spooimen belongs really to the genus Catsianello, is very probable 
but not certain. The shape of the beak, the presence of an aren, the plug-shapcd 
incision in the posterior margin, and the anterior radial ribs are all structures 
characteristic of the genus Casaianella. But the entire absence of an anterior wing 
and of any characters of the hinge leaves a shade of doubt about our determination. 



GASTEROPODA. 

Gen. : Loxonema Phill. 
Loxonema (Polvgirina) cf. klegans Hoernos. PI. I, fig. 6. 

1836. Loxonema elegant HoerriM, Gaatropoden and AoophaU'n dcr Haltttaettcr SchtohtoD, Denksohr. Km, 

A km}, d. Witwnich. Wirn, LX, p. 30, T»f. I. fitf. 3. 
1887. Loxonema (Polggirina) elegant Kok«r, Gx«tropod«n d«rTri»i urn H»lliUH, Abhkndl. K. K. Gecl. 

Refct, H n.t. XVII, p. 94. Taf. XV, fig*. 8.7. 18. 

Only one fragmentary specimen, consisting of the last whorl and two coils of 
the spire, are contained in A. v. Krafft's collections. Notwithstanding the absence 
of its apical portion it is more oomplete than the majority of the Alpine examples 
described by Hoernes and Eoken, the typical shape of this species being only known 
from a combination of several fragmentary specimens. 

My specimen agrees entirely with equal-sized fragments of Loxonema elegant 
from the DTallstatt limestono of Aussea. It is turreted and provided with high 
whorls, which are slightly convex nnd distinctly impressed along the suture. 
Their greatest transverse diameter is situated considerably below the middle of their 
height. 

The aperture has not been entirely preserved, but the presence of a small canal 
at the posterior border is distinctly marked. 

The shell, which has been partly preserved, is covered with delicate, falciform 
transverse strim of grow th. Spiral wrinkles aro faintly developed. 

Jtemarkt— Loxonema elegant is of little stratigraphioal value, ranging from 
the eamic into the noric stage. 
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Gen. : Sagana Koken. 



Sagana cf. gkombtbica Koken. PL II, fig. 3. 

1897. Bagana geometrica Koken, Gaitropodan • d»r Tria. am Hallefatt, Abhindl. K. K. Ge«l. Reicbunat. 
Bd. XVII. p. 89. Taf. VI. fig. 10. 

This species is represented in A. v. Krailt's collections by a single but beauti- 
fully preserved and almost complete specimen, which differs from the typical shape 
of Sagana geometrica only by such details of ornamentation as are noticed in some 
of the intermediate forms between Sagana geometrica and S. Hoertuti Star (Jahrb. 
K. K. Geol. Rcichaanst. 1869, p. 285). 

The turbinate sholl consists of five 'whorls, which are strongly convex and 
inflated, especially the last one, which is separated from the umbilicus by a distinct 
spiral edge. 

The slit band corresponds to the greatest convexity of the whorls. It is flatly 
c moave, not broader than the rest of the bands enclosed between the numerous spiral 
ridges. The slit of the aperture has been entirely preserved. It is short and round- 
ed. The numerous and sharp, closely set lunulas which cover the slit hand, 
run nearly parallel to the outlines of the apcrtural slit. Two spiral keels arc 
counted between the keel bordering the slit band and the suture, and eight 
between the slit band and the umbilical edge. Thus the number of spiral keels is 
smaller than in the typical Sagana geometrica, but larger than in S. Eoerneai. My 
specimen moreover recalls the intermediate shapes connecting the two species 
by the height of its last volution, which is smaller than in Sagana geometrica. 

Of the shelly substance small fragments only are accessible to examination, 
showing the beautiful lattioe-shaped ornamentation characteristic of the genus 
Sagana. The transverse stritB ar-« very close-set and sharp, but inferior in strength 
to the spiral keels. The meshes, which arc formed by the crossing of transverse 
ribs and spiral edges, are considerably higher than broad. The point*, where the 
spiral ridges are intersected by the transverse ribs, are not marked by any tubercles 
as is the case in the typical 5. Hoernm. 



Dimenuom. 

The measurements of this specimen are as follows .— 

Entire lmgih of the inc" 26-5 mm. 

Greatest bra lth of thoiWI 28 ,. 

HcigUof tli* last volution nt the a|*rtun 185 „ 

A j ical angle 86° 

Remarks. — Sagana geometrica is not rare in the carnic HnlJstatt limestone 
of Aussee. <S. Boernesi and the intermediate shapes connecting the two species 
are known both from the carnic and noric stages of the Salzkammergut 
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Gen. : Capulus Montf. 

Capulus (Phrtx) Johabensis nor. sp. PI. U, fig. 4. 

The distinction of fossil Patellidai and Capulidce is attended with great difficulty, 
since the characters of generic importance are but exceptionally preserved. The 
cup-shaped shells exhibit very little variation in form, and their systematic position 
is nearly always doubtful in the fossil state. 

A single cast of a cup-shaped shell, in its external shape, more closely 
recalls the subgenus Phryx Blasehkc (Gastropodenfauna der Pachyoardientuffcder 
Seiseralpe in Suodtirol, Bcitraege zur Geol. und Paltcont. Oesterreich-TJngarns, 
etc., XVII, p. 174) than any genus of Patellida. Montfort (Conohyl. systeme 
1810, II, p. M) gives the following diagnosis of the genus Capulus. " Coquille 
libre, univalve, en bonnet phrygion ; a sommet plus ou moins aigu ou route, 
bouche entiere ; intericur marque 1 de deux musculaires. " K. v. Zittcl (Ilandbuch 
der Pal£eo«oologie II, p. 216) adds to this diagnosis, that the apex is always 
directed backwards and that the muscular scars take the shape of a horseshoe. 
Such forms of Capulus, which are provided with a symmetrical apex, which is 
neither enrolled spirally nor shifted laterally, have been distinguished from Capulus 
s. s. as Phryx by Blaschkc, and have been elevated by this author to the rank of a 
proper subgenus. The only species of this subgenus hitherto known was Phryx 
bil >t !>■>•<> lis Blaschko (1. o. p. 172, Taf. XIX, fig. 9). Another triassic species, 
Capulus Apollinis Boehm (Die Gastropoden des Marmolatakalkes, Palasontogra- 
phica XLII, p. 201), differs from Phryx by its spirally enrolled apex, which has 
been shifted considerably to the right. 

The present shell agrees in its characters of subgenerio value with Phryx 
bilateralis, not with Capulus Apollinis. Its aperture is regularly elliptical, rather 
wide. The shell recalls by its shape a low Phrygian cap with its apex greatly 
removed posteriorly. The apex is neither enrolled nor twisted but contracted into a 
sharp and slightly incurved beak of symmetrical position. Muscular scars have 
not been noticed. 

From Phryx bilateralis tho present species differs by the following 
characters : The summit of the shell is not situated centrally, but nearly coinoides 
with tho apioal beak. The apex is not elevated above tho posterior margin 
of the aperture but removed anteriorly. The distance between the apex and the 
posterior shell margin is considerably larger and less strongly concave. 

Prom all the triassic representatives of Patellidce, which have been described 
by Boehm, Kittl, 9. von Woehrmann, Koken, and Blaschko, my Himalayan species 
is distinguished by the curved shape of its apical beak. I therefore deemed it pre- 
ferable to unite it with the subgenus Phryx among the family of Capiriidas. 
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Gen. : Naticopsis McCoy. 

Naticopsis sp. ind. ex aff. obvallat^e Koken. PI. I, fig. 5. 

In making use of the generic name Naticopsis M'Coy for a triassic species 
I am not in aocordanoc with E. Kit ; I, who in his monograph of the Gasteropoda 
of the Bsino limoitone (Annalen des K. K. XaturhistoriBchen Hof museums XIV, 
1899, p. 25) reserve* this denomination for Natica ampliata Phil), and its nllies. 
But my materials are so scanty, consisting of two shells only, one of them rather 
incomplete, that I cannot detect such characters of distinction as might enable 
me to establish their generic determination with any certainty. The only internal 
feature which I hare been able to discover is the presence of a modian tooth pro- 
jecting from tho inner lip, which is curved and flattened. This oharauter clearly 
shows that our spocies hns nothing to do with Natica and its allies, hut is not 
sufficient for its grouping among the family of Naticopsida. The most important 
characters for a generic distinction, namely, the roabsorption of inner walls in the 
earlier whorls, arc not accessible to examination in my examples. As it has been 
oustomary to group under the general head of Naticopsis such fossil shells as 
externally recall Natica, and are not specially distinguished by some other characters, 
1 shall keep provisionally to this denomination. 

Among Alpine speoies the present one bears a close resemblance to Naticopsis 
obvallata (Gastropodeu der Tiins urn Hallstatt, Abhandl. K. K. Geol. Reichsanst. 
XVII, p. 70, Taf. XII, fig. 5), from which it differs, however, by the insignificant 
depression of its sutures. 

Shell globose. Spire with a pointed apex, whorls increasing rapidly. Last 
whorl inflated, with a regular aperture whose outline is somewhat flattened along 
the upper portion of the outer lip. Stria? of growth describing a curve, which is 
turned back wards considerably. 

CEPHALOPODA. 

AMMONOIDliA. 
Arckstoidka. 
Fain, i GLAPl8ClTW4t. 
Gen. : Cladiscites v. Mojsisovics. 

The genus Cladiscitee is rather riohly represented in the fauna of exotic 
block No. 2. The majority of the specimens belong to representatives of Cladiscites 
s. 8 , distinguished by the scrinl arrangement of thoir sutural elemonts. Two 
species belong to the subgenus Uypocladisciles (group of Cladiscites snbtarnati). 
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Of the subgenus Paraoladiacitea no representative is known to me, although from 
the triassic belt of the main region of the Himalayas a species of this subgenus 
( Paracladiscites indicut) has been described by E. v. Mojsisovios. 

L Oi,adiscitbs ceassestrutus v. Mojsisovics, PI. II, figs. 5-8 ; PI. IV, figs. 1, 8, 8. 

1873. Arcette* rratiertrwtns E. y. MojuuixriM, Oph «lop id«n d«r Hnllslietter K»lk«, Abliandl K Geol 

Reiobauut. VI-1, p 79. T»f. XXX. fig. 4. 
1803. Cl.di«Hc. rra.K.triaU. E. v. MojsuK.Tic.. ibidem. SuppUMnratbd.. p. 280. 

This is the most common species of the genus and, indeed, one of the leading 
fossils of the red limestone of exotic block No. 2. It attains considerable 
dimensions. My largest fragment, which has been illustrated on PI. II, fig. 7, is 
yet entirely chambered. As one more volution at least must he reckoned for the 
body-chamber, the diameter of tho adult individual cannot have been less than 
150 mm. Thus the Indian types of the species are scarcely inferior in size to Alpine 
specimens from the Eoethelstein, among which some examples, consisting of air- 
chambers only, have a diameter of 90 mm. 

I should not have ventured on a direot identification of my Himalayan 
examples with the Alpine spocies without a personal examination of large materials 
from the Halhtatt limestone of julic and tuvalio ago. The most prominent 
features of the species have not been reproduced satisfactorily in the illustration on 
PI. XXX, fig. 4, of E. v. Mojsisovios' memoir, as will be seen from a comparison 
with the illustration of his type-specimen on PI. IV, fig. 9, 0 f the present mono- 
graph. It must, however, be remarked that this type-specimen is of rather small 
size and that some of the specific characters of Claditcites cmtaeatriatua, especially 
the angular shape of the cross-section and the insignificant derelopmont of strire 
on tho siphonal area are less prominent than iu the majority of specimens from the 
Hallstatt limestone. An illustration of an average-sized specimen from the 
Subbullatua beds of Aussee is given on PI. V, fig. 5, of this memoir. 

The most important distinctive feature between 01. craaaeatriatua and 
other oongoneric forms in the carnic stage is the presonoe of distinctly 
marked angular margins, bordering the siphonal area. The siphonal area is 
gently arohed and separated sharply from the flat lateral parts. The width of the 
siphonal area is but slightly inforior to the greatest transverse diameter of the 
cross-section. It is only in very young stages of growth (PI. II, fig. 8) that 
the marginal angles are rounded off. In later stages of development the 
rectangular shape of the cross-section is as distinctly marked as in 01. moroaua 
v. Mojsisovics (1. c. p. 76, PI. XXIX, fig. 3) or in Paracladiacites diuturnua v 
Mojsisovics (1. c p. 89, Taf. XXXI, fig. 2). 

The volutions are comparatively high, the width of the shell being as a rule 
more than three-quarters of its length, but invariably inferior to the latter. 

Another feature of specific importance is the remarkable difference in tho 
strength of ornamentation on the ventral area and lateral parts. The siriation of 

c 
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the lateral parts is rather coarse, especially so in specimens of large dimensions. The 
ventral area is either perfectly smooth or covered with very delicate longitudinal 
atria) only. Examples with a siphonal striatum, as distinotly marked as in the 
type-speoimen from the Roethelstein (PI. IV, fig. 9), are quite an exception. 

D intentions. 

PI. IV. fig 1, PI. IL fig. 8. 

DlameUr of the (bell 52 mm. 67 mm. 

„ „ „ mnbilicM 0 ., 0 „ 

H right of tli* W) above the ombilicml •utnre . . 91 48 „ 

Tolutioo i „ „ preceding whorl . . 81 „ 27 

Thicknat of lh» list rotation 25 „ 34 „ 

Sutures. — The sutural line of this species wnsnot known to E. v. Mojsisovics 
in 1873. I have succeeded in developing the sutures of a specimen from the 
Hallstatt limestone of the Roethelstein, although not in its details. The illustration 
represented in PI. IV, fig. 8, is taken from one of my largest Himalayan examples. 
The complication of the sutural line renders its preparation extremely difficult. 

In the genus Cladiacitea *.t. special importance is attributed by E. v. Mojsisovics 
to the shape of the siphonal saddle. Three external branches are developed, 
besides the bipartite culminating outer branch of the dimeroidio siphonal saddle. 
The arrangement of the lubes is typically serial, the lateral and auxiliary lobes 
standing at an equal level. The number ot auxiliary lobes is not exactly known 
to me. 

Remarks. — Among the speeies of Cladiacitea from the triassic beds of Sicily 
which have been described and figured by Gemmellaro (I cefalopodi del trias 
superiors della parte oecidentale della Sicilia, Palermo, 1904)i CI. Ferdimndi 
Gemmellaro (1. c. p. 275, Tav. XXIX, figs. 43, 44) is probably identical with the 
present species. Tho species illustrated by Gemmellaro is of small size, attaining a 
diameter of 20 mm. only, but it is provided with a part of its body-chamber. It 
recalls very strongly Cladiacitea craaaeatriatua. The features of distinction 
enumerated by Gemmellaro, namely, the more delicate striation and the compressed 
shape of the lateral parts, are either insignificant or due to a misinterpretation of 
the unsatisfactory illustration given by E. v. Mojsisovics. 



2. Cladiscites cf. Gorgi.* Gemmellaro. PI. IV, fig. 5. 

GemmelUro. I cefalop.xli del Trial ropcriore della p«ttc occidental* della Sicilia, 
p. 87o, Tar. Ill, fl**. 19, 80 ; XXIII. fig.. 3-6. 

This species shows in its external characters a great resemblance to Clodiaeitea 
Oorgim Gemm. from the oarnic limestone of Sicily. My Himalayan examples 
differing from the European type in some subordinate details, the species is 
recorded here as CI. cf. Qorgiee. 

All my Himalayan examples are entirely chambered but do not reach the 
dimensions of the largest types from Sicily. They agree beet in size and shape 
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with the specimen illustrated on PL III, figs. 19, 20, by Gemmellaro. The 
width of the shell is either equal or inferior to the height. The speoimen 
figured is as strongly compressed as the Sicilian types, whose dimensions hare 
been chosen for standard by Gemmellaro. The flattened siphon a I area is not 
marked off from the gently and regularly arched flanks by sharp margins, but 
passes into them more gradually than in Cl. cragaestriatut. The umbilicus is 
closed, as in the majority of congeneric species. 

The ornnmentation recalls Cl. craaaestriatua by the faint development of 
spiral striae in the siphonal region. Transverse striae of growth hare not been 
noticed in any of my specimens, whoreas such have been mentioned in the diagnosis 
of the Mediterranean species by Gemmellaro. 



Dimension. 



Diameter of the ■hell , . . 

,, w ■ umbilicus .... 
Height of tbe lant j al ovc the umbilical euture 

Tolution t „ n 

Thickness of the Utt volution 



. 19 mm. 
. o „ 

. 29 ., 

. U „ 



26 



Saturea. — I have succeeded in chiseling out the inner nucleus of a large speci- 
men, which shows the sutural line fairly well. It agrees very closely with the 
sutures of Cl. Gorgiee, as illustrated by Gemmellaro on PI. XXIII, fig. 5. 

There are from seven to eight saddles counted from the umbilical suture to the 
middle of the siphonal area. Their stems and brandies are thinner than in the 
majority of congeneric species, perhaps, even a little more robust than in the 
Sicilian type-specimen of Cl. Gorgiee. All saddles are distinctly dimeroidio. In 
the main saddle each portion of the dimeroidio top is again subdivided into two 
smaller secondary phylla. The arrangement of lobes and saddles is typically serial. 
The siphonal lobe is the deepest. The lateral lobes show a tripartite arrangement 
of their basal branches. 



3. Cladiscitks of. PU8iLi.ua v. Mojsisovics. PI. IV, figs. 6, 7. 

der HJUtMtter Killce, Abb.tidl. K. K. Geo. 



1673. Artfte* p«.UU, E r. Moj.ieoTlc 

Keiehantt. VII. p. 77, T*f. XXVIII, fig. 4. 
1802. CU<li,eitt$ fxttillui E. r. Mojiiaotiee, ibidem, ggpptemrntbd, p. 381. 

Having E. v. Mojsisorics' type-specimens of Cladiacitea craaaeatriatua, Cl. 
purtlltu and Cl. ttrialissimut at hand for comparison, I find their distinction 
from oaoh other and from 01. Gorgia Gemm. a diflieult matter. All of them 
are certainly most nearly allied and differ by very subordinate details only. 

The type-specimen of Cladiacitea puaillua from the JEllipticua beds of the 
Roethelstein is a small Ammonite of 24 mm. in diameter (not 28, as has been 
stated by E. v. Mojsisovios). Its oross-section is of nearly equal height and width. 
The lateral parts are very gently arched. The demarcation between them and the 
flat siphon*, area is not so sharp as in Cl. croaaeatriatua, but a little sharper than 
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in 01. Gorgus. The only distinction which I can find in the ornamentation is 
confined to the very delicate striation of the lateral and sipbonal parts. The latter 
is not smooth as in the majority of examples of Cl. craaaealriatua. An equally 
delicate striation is found in Cl. atriatiaaimut v. Mojsisovios (L c. p. 77, Taf. XXX, 
fig. 1), but this species is more strongly inflated, and the ventral area is considerably 
less broad than the largest transverse diameter of the shell. 

With the type-specimen of CI. puaillua Borne Himalayan representatives of 
Cladiacitea agree very well in their external shape and sculpture. Both the flanks 
and siphonal part are oovcrcd with numerous and thin conoentric 8 trite. Their 
transverse section is leas distinctly angular than in CI. craaaeatriatua, but in this 
respect transitional shapes between the two species are known to mo. 

]2ttfi€tia%ofi8. 

, , E. v. Mojtisovice' Himalayan 

tj'pe-*p*cimeu specimen 

(PI. XXVIII, fig. 4). (PI. IV, fig. 7). 

Diameter of the »hell 84 mm. 27 mm. 

„ „ H nrobiticm ...... 0 „ o „ 

Height of tb« hut r above the umbilical suture . . 14 „ 15 „ 

volution ( „ „ preceding whorl 7 „ 7 „ 

Thickness of the hut volution 14 „ 18 „ 

Suturea — Not known in detail. 



4. Cladiscites sp. ind. cf. Coracis, Gemm. PI. V, fig. 4. 

A single, imperfectly preserved specimen of a large Cladiacitea is mentioned 
here on account of its resemblance to Cl. Coracia Gemmellaro (I cefalopodi del 
Trias superiore dclla regioue occidental dolla Sicilia, p. 273, Tav. XXII, fig. 7 ; 
XXIII, figs. 1, 2) from the oarnic limestone of Sicily. It is strongly compressed, 
high-mouthed and considerably higher than broad. The lateral parts are regularly 
although gently arched. Their greatest transverse diameter is situated below the 
middle of the height. They unite with the flattened siphonal area without form- 
ing a sharp angle. The concentric striation is coarse and not restricted to the 
lateral parts, as in Cl. craaaeatriatua. 

The affinity with Cl. Coracia shows itself in the shape of the cross-section and 
in the strong compression of the whorls. From Eypocladiacitea aubtornatua and its 
allies, which are also provided with strongly compressed volutions, our species is 
distinguished by its flat siphonal area and by its more distinctly defined latoral 
margins. 

Dimenaiona. 

Diameter of tbe »hell . 89 mm. 

„ „ „ umbilicus. ......... 0 „ 

Height of the lut ( above th« umbilical suture 68 ,. 

volution <■ „ „ precediog whorl , 86 „ 

Thicknees of tbe 1 
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Remark*. — The specimen has been referred provisionally to Cladiscitex Coracis 
as Bp. ind., but its possible connection with the subgenus Eypocladiscites cannot be 
excluded, the sutaral line being entirely unknown. 

Subgen. : HrpociADisciTBa v. Mojs. 
5. Hypocladiscites subcarinatus Gemmellaro. PI. IV, fig. 4. 

1604. HypoelaJitcitct luhearinatui ttemmelUro, I cefelopoJi del Trie* >uperiore della regione occidentals 
dell* Sicilis, p. 279, T»». XXII, figs. M-ll ; XXV, fig. 21 ; XXVI, fig.. 1, 2. 

This species of the upper carnic limestone of Sioily is represented in A. v. 
Krafft's collections by numerous and well-preserved specimens which permit of an 
accurate determination. The largest of my Himalayan examples, which consists 
of air-chambers only, has been chosen for illustration. 

In its general shape this species recalls Claditcites cratsestriatus v. 
Alojsisovics, especially in the rectangular outlines of its cross-seotiou, but in the 
character of its siphonal arei it is at a glance distinguished from all congenerio 
forms. The siphonal area is slightly excavated, forming a shallow depression, 
which is interrupted in the middle by a low aud roundod keel. The two marginal 
elevations separating the depressed siphonal area from the lateral parte are higher 
than the median keel and raoro broadly rounded. The lateral parts are very gently 
arched. Their greatest transverse diameter is situated in the umbilical region. 

Both the median keel and the rounded marginal elevations are developed at 
very early stages of growth. I have seen them clearly marked in a chambered 
nucleus attaining a diameter of 10 mm. only. Thus a determination of this species 
is even possihle if inner nuclei of small sizo only are available for examination. 

The lateral partR are covcrel with numerous and delicate longitudinal striae. 
On the siphonal area those strim arc still more delicate and are gradually obliterated 
in the direction towards the median keel, which remains free from any sculpture. 
Transverse strim or folds, as noticed by Gemmellaro in a minority of his Sicilian 
specimens, are entirely absent. 

The strongly inflated variety which has been mentioned as Mypocladiacites 
not. form. ind. prox. H. tubcarinato by Gemmellaro (1. c. p. 280, Tav. XXII, 
figs. 12, 18) is not represented among my Himalayan materials. 



Dimension*. 

Dismeier of the shell 37 am. 

■ >i » ambitious • . . . . . . . 0 „ 

Height of the hut f shove the ombuiott suture 22 5 „ 

Tolatioa I „ „ preceding whorl . . . 11 „ 

Thickness of the last rolution . . . . . . . . . 10 „ 



Sutures. — Not known in detail, but in their general arrangement agreeing 
with the illustration on Tav. XXV, fig. 21, of Gemmellaro's memoir. The second 
lateral lobe is considerably deeper than the following lobes. 
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6. Hypocladiscites bcbaratus v. Mojsisovics. PL IV, fig. 3. 

1896. Clatliirite* cf. mOtormi/ut E. v. Moj«ieo»ics in Di«n»r, ErgrbniaK eintr geologic- ban Expaiitton in 
den Central- Himalaya, etc. Denkechr. Kaie. Akad. d. Wia*-n*rh. LXt I. p. 6#4. 

1896. Claditcitet iDypoelatJiteites) tubaratf E v. Mojaiar.Tir», Obdrtriidiiclif CVpbaJopod«n(Hune» 
HiisaV. D«»k«hr. kai.. Aka<l. d. Wiee. LXIIf, p. 667, Taf. XX, 6*. 2. 

1889. Cladi$tite$ iHypoeladiicifei) ,vb«ra< E. v. Mr.jwicrk-a, Pebcont. Ind. W.XV. Himalayan P<*» , 
Vol. III. Pt. 1. P . 102, PI. XX, fig. 2. 

A species of Hypocladitcites from the carnic Daonella bods of Lauka, which 
in its outward shnpe agrees very closely with 3. subtornatus, has been separated 
from this Alpine form by E. v. Mojsisovios, on acoount of some differences in its 
•utural line. 

Some fragments of high-mouthed and strongly compressed Claducitida in A. 
v. Krafft's collection must be united with Hypocladi$cile» tubaratus. The close 
agreement of the sutures will be reoognized by comparing the illustrations. Id my 
specimen the principal lateral saddle is still higher and hroader, and is provided 
with more richly serrated lateral branches than in the typo illustrated by E. v. 
Mojsisovics. Thus the features of distinction between H. subtoniatus and U. sub- 
aratus are still more strongly marked in the present example than in the specimen 
from the Daonella beds of Lauka. 



Earn. : dBCBSTlDJB, 

Gen. : Auchstes, Suess. 
7. Aecestes cf. peeiolcus, v. Mojs. PL III, fig. L 

1873. Antrim ptriolcit4 K. f, MojiieOTiee, Opkalopodeo der Hallilaettrr Kalke, Abhaadl. K. K. Geol. 
Reichaamt. Vl-1. p. 109, Taf. h. 6g». 1-3 ; MI, Bgi. 4, 6 ; LIII, fig. 27. 

My typo-specimen is of large size, nearly complete, and has its peristome 
entirely preserved. It recalls most closely the Alpine Arceates periolcut, both 
in its general outlines and in the development of a spiral sulcus surrounding the 
widely open umbilicus. 

Of the penultimate whorl a small portion only is accessible to examination. 
It is globose, regularly rounded, smooth and without any constrictions or varices. 
The last whorl changes its shape in a manner agreeing with that in A. periolcut. 
The greatest width of the flattened siphonal area corresponds to the peristome, 
whereas it is most strongly compressed in the opposite middle portion of the whorl. 
The lateral parts are flattened. The umbilical wall is vertical and separated from 
the adjoining parts of the flanks by a raised marginal band, which is borderod 
externally by a shallow spiral sulcus. This sulcus is lower than in the majority of 
Alpine specimens, which have been united in this species by E. v. Mojsisovios. 
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The apcrtural margin is strongly contracted in the middle, and protracted into 
two lateral lappets in the siphonal, region. This is tho normal shape of the peri- 
stome in the group of Arceaten coloni. 

The shell is nearly smooth. It is only in the vicinity of the peristome that 
delicate striae of growth are developed, following in their direction the outlines of 
the apertural margin. 

Traces of transitorial paulostomes, as have been noticed by E. v. Mojsisovios in 
some of his European examples, are altogether absent. 

Dimensions. 

Dkmetwof tb.tMl 

» •• *nWltftM ..... 

ThiftaiM }«*H»l»ttwl«ti<,«i .... 
Sutures.— Not known. 

2. Abcestks of. Richthofkni v. Mojsisovics. PI. Ill, fig. 2. 

1873. Arttttet JHehlkofini K. f. Muj.i.ovie.. Die C.-ph»ln| 1 od«a <|.jr HftllitMttrr K*lk<>, Abhandl. K. K. 
Gfol. B/ieUMMt, VI I, p 132, Taf. XUX, Eg*. 4,5 ; LI 1 1, 6g. 18. 

The only specimen available for investigation is a nearly complete cast, with 
its peristome almost entirely preserved and with large portions of the shelly 
substance adhering. It recalls very strongly tho European Arcestes RichthO' 
feni from the julic stage of the carnio Hallstatt limestone. 

Tho apertural margin, although partly injured, is sufficiently well preserved to 
indicate the absence of any (-marginatum along the broadly flattened siphonal area 
as is noticed in the majority of Arcestidce. In this character it agrees exactly 
with the apcrtural margin of A. llichthofeni and A. agnatus. Peristome contract- 
ed laterally ; umbilicus narrow, but open, not closed by any callosity. Siphonal 
area flattened in the vicinity of the peristome, but sharply rounded and narrow 
in the opposito quadrant of the last volution. 

E. v. Mojsisovics noticed in one of his specimens an internal siphonal ridge, 
which was, however, restricted to the quadrant of the volution bordering tho 
aperture. This internal siphonal ridge is olearly developed in my specimen, as is 
obvious from the illustration. Where the shelly substance has been preserved, its 
surface is perfoctly smooth, but in tho cast a deep impression of rectangular cross- 
seotion follows the median line of tho siphonal part, marking the presence of an 
internal ridge. This ridge was probably intended to protect the siphuncle, which 
is situated more internally. Similar internal ridges have been described in 
Phylloceras uermcesense Herb, by Waehner (Beitraege zur Palrcontologie Oester- 
reioh-Ungarns und des Orients, Bd. XI, p. 176). Casts of this species, in which a 
deep impression marks tho place of the original shelly ridge, have been described 
as Phylloceras aulonotum by Herbich (Das Szeklerland, Mitteil. aus dem Jahrb. 
der Kgl. ungar. geol. Anstalt, Bd. V, p. 115). 
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Dimensions. 

Diameter of lie .hell 65 mm. 

„ „ „ umbilkroe M ,. 

Height of the bet (above tbn ambilieal snture 29-6 .. 

Tolntion X „ „ preceding whorl » „ 

Thickneea of the lart rolution JH 

Sutures. — Not known. 



8. Arcbstks sp. ind. aff. dbcipikns v. Mojs. PI. VIII, fig. 3. 

A single nucleus, consisting of air-chambers only, most probably is related to 
Areestes decipiens from the tuvalic substage of the Hallsfatt limestone. 

It agrees with this species in the presence of a very narrow umbilicus and 
remarkably strong constrictions. The gr. atcst transverse diameter coincides with 
the rounded-off siphonal margin, from which the lateral parts convcrgo very 
gradually towards the umbilicus. 

The only difference between the Alpino and Himalayan forms oonsists in the 
direction of the stron? constrictions, which in my specimen are not turned back- 
wards in crossing the siphonal area, as they are in Areestes decipims E. v. Moj- 
sisovics (Cephalopodcn dor Hallstaetter Kalke, 1. c. VJ-1, p. 133, Taf. LTV, figs. 
2, 3). 

Dimensions. 

Pian eter of the nhell 24 mm. 

umbilici™ eoe. 1 „ 

?»L [if : 

Sutures. — Not known. 



4. ARCESTBS Cf. PLACENTA V. Mojs. PI. IX, fig. 1. 

1873. Aretittt pliiceahi E. r. Moj«i«Of ic», CepHalopoden J«r IHIUtaetter Kalke, Abhandl. K. K. Geol. 
ReicWiwt. TM, p. 108, Taf. LV, fig«. 3-7. 

A single but nearly complete specimen of Areestes recalls very closely 
A. placenta v. Mojs. from the tuvalic Hallstatt limestone of Aussee. It is of larger 
size than full-grown European examples, but agrees with them in all characters of 
specific importance as far as such are accessible to examination. 

The whorls are moderately compressed and provided with flatly arched lateral 
parts. The umbilicus is small but not closed. Siphonal part broadly rounded in 
the vicinity of the aperture and in the corresponding quadrant of the last volution, 
but the difference in width between this and the opposite quadrant is not consider- 
able. Peristome slightly emarginated along the siphonal area but not contracted 
along the lateral parts. 
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There are also some Alpine specimen!! in the collection of the K. K. Geolo- 
gischc Reichsanstalt in Vienna, in which this lateral contraction of the peristome is 
almost insignificant. 

Dimensions. 

Diameter of tba -hell 65 mm. 

h „ „ nmbilicua Vo „ 

Height of the lut t abor* the ambilleal inture .... 



Tolotion I ., „ precudlag whorl 11 

Thickrjrta of the lut rotation 31 

Sutures. — Not known. 



Subgen. : Proaxcestks v. Mojs. 



1. Proarckstbs Oaytani, v. Klipstein. PI. Ill, figs. 3, 4, 5, 7, 8. 

1845. Ammonitei Ga#a*i i. Klipatein. B«itneg« tor gtologiMiben Kenntnii der ontlicbeo Alpro, p. 110, 
Taf. V. fig. 4. 

1S47. Ammonite* Qagtani V. t. Hawr. time Capbalopoden von Awe*. Baidinger. Natnrwievnicbaftl. 
Abbnndl. I, p. 9S7. 

1849. Ammonite* Oaytani F. r. Heu»r. Kete Cephalopoda., ton Helletett aid Aaaaee, ibid, III, p. 17, 
Taf. IV, fig*. 13, U. 

18«9. Arcerte* Oaytani Uu'y. Fauna der Sehiobton roo St. Caaaiao, Denkerbr. Kali. Akad. d. Wlaeanech- 

math. nat. 01. XIX, Bd. p. 89, Taf. XUH. Sg. 6. 
1873. Arctstt* Gaytani B. r. Hojeiaorlea. Die Cephelopodan dor Hallataetter Kalke, Abhandl. K. K. Geo). 

Reiehaeoat. VM, p. 100, Taf. LVIII, fig*. 1—3. 
1902. ProarceHf Gaytani E. r. Mojiiaorioa, ibidem, Sapplemi-atbd., p. 259. 

1906. Proarceitf Gaytani Q. Artheber, Die alpine TrUe do. Mcditerratigebtetei, fetbaoa meeoiaice I. 
Taf. XLIV, fig. *. 

1S0B. Praarce.te. ef. Gaytani Diener. Fauna of the Tropitee limeetone of Byana. Palwont. Ind. «r. XV, 
VoL V. Pt. 1, p. 177, PL XII, fig*. 10, 11. 

It is this well-known species of the joiic substage to which a considerable 
number of Arcestidte in A. v. Krafft's collections can be safely assigned. The 
character of the sutural line is that which is peculiar to the group of Arceste* 
bicarinati, and which is distinguished by the presence of a moderately high and 
richly serrated median prominence. From Proarcestes bicarinatus Munst. and 
from P. Ausseanus v. 1 Inner our species differs remarkably by its less globose shape 
and by the faint development of varices. On tlie other band the majority of 
specimens agrees very closely with P. Oaytani. 

In some of them, it is true, the flattening of the lateral parts is loss strongly 
marked than in typioal shapes of P. Oaytani. This is especially the case with 
inner volutions, exactly as in tho examples from the Tropites limestone of Byans, 
which have been referred to the present species as of. in Hiatal. Fobs., Vol. V, Ft. 1. 
The specimen illustrated in fig. 4 affords a good instanoe of this character. In tho 
penultimate whorl, which consists of air-chambers only, the lateral parts arc 
almost regularly rounded, describing a graceful and uninterrupted curve from the 
siphonal convexity to the rounded-off umbilical margin. In the last volution, 
however, which has been partly preserved, the lateral parts are high, compressed 

D 
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and flattened as distinctly as in full-grown individuals from the carnio Hallstatt 
limestone of tbe Salzkammergut. This specimen is scarcely inferior in size to the 
largest European examples which have been noticed by E. v. llojsisovics. 

The umbilicus is widely open, both in chambered nuolei and in specimens 
provided with their body-cbambers. Constrictions on varices are but faintly 
marked, confined to inner nuclei and often entirely absent. No constriction has 
been noticed in the example illustrated in fig. 5, whereas in the two nuolei, 
illustrated in figs. 7 and 8, two varices are counted within the circumference of 
the last whorl. Their direction is nearly straight with a convexity slightly 
turned forward in the siphonal area. 

Dimension*. — The measurements of my largest specimen (fig. •*), with a portion 
of its body-chamber preserved, are as follows :— 

Diatr.rter of tbe shell . . . . . . . . . ab. 86 mm. 

,. ,, umbittcu* ......... 8 

Height of th» f»bov* tbe umbilical iuture 48 „ 

last volatioo I „ „ precedm* whorl 15 „ 

ThiekncM of the lut lohtioo 44 „ 

TMatamH tb« pmaUu-ta wbort g » 

Suture*.— Agreeing entirely with those of the Alpine types of P. Gaytani. 



2, Pkoakcestes sp. cf. Ausskanus v. Hauer. PL III, fig. 6. 

The comparatively high and serrated median prominence of the siphonal lobe 
proves this species to be a representative of the group of Arcestes bicaritmti. 

The only specimen available for examination is an inner nucleus with part of 
the last volution adhering, which is yet entirely chambered. It shows three con- 
strictions, which are narrow and faintly developed, as in inner nuclei of Arcestes 
Ausseanus v. Hauer (Haidiugers Naturwissenschaftl. Abhandl. I, p. 268, Taf. 
VIII, figs. 8-8), From typical shapes of Proarcesles Ausseanus, as illustrated by 
E. v. Mojsisovics (Cepbalopoden der Hallstactter Kalke, Abhandl. K. K. Qeol. 
Reichsanst. VI-l, Taf. LI, figs. 1, 4) my specimen differs by its less globose shape, 
although its hoight is yet considerably inferior to its thickness. 

Dimensions (of the nucleus). 

DUmeUr of tbe (hell 3D mm. 

„ „ umbilici! 3 „ 

g : 

Sutures— Agreeing entirely with those of Proarcestes Ausseanus. The princi- 
pal lateral lobe is situated on the convexity, by which the siphonal area passes into 
the lateral parts. Two auxiliary lobes outside the umbilical margin. 

Remarks. — My scanty materials do not allow one to decide the question of 
specific identity or close affinity of the Himalayan shell with the European 
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Proarckstes (?) 8p. ind. ex aff. Barrandei Laube. PI. VIII. fig. 5. 

The systematic position of the only specimen available for examination is 
somewhat doubtful. It is only on account of its external similarity with Arcestea 
Barrandei Laube (Die Fauna dor 8chiobten von St. Caasian, Benkschr. Kais. Akad. 
d. Wissensoh. Bd. XXX, 1869,5. Abt. p. 90,Taf. XLIII, fig. 2) that I have united it 
with Proarcestes, not with Arcentrs s. «. It must, however, be borne in mind, that 
not even the connection of Areata Barrandei itself with the group of Arcestes 
extralabiati (Proareeetes) has been ascertained by E. v. Mojsisovics (Cephalop- 
oden dcr Hallstaetter Kalkc 1. c. VI-1, p. 91), although the sutures exhibit some 
characters peculiar to this group. 

In its general shape my specimen agrees with Proarceates Barrandei, especially 
so in the outlines of its transverse seotion, but it differs remarkably by the presence 
of a large and widely open, funnel-shaped umbilicus. The inner volutions are 
globose and strongly inflated, the place of greatest inflation corresponding to the 
rounded umbilical margin. In the last whorl, which apparently belongs to the body- 
chamber, the regularly rounded siphonal part becomes considerably narrower, the 
transverse seotion thus assuming a oordiform shape. No traces of furrows are 
noticed on the body-chamber volution preceding the aperture, but a shallow 
contraction is marked on the east of the penultimate whorl. 



Sutures. — As far as known, agreeing with those of P. Barrandei. Median 



siphonal lobe. Siphonal saddle not perfectly symmetrical, but with larger external 
branches. Number of auxiliary lobes not known exactly. 

PrOAUCRSTES Sp. ind. (GROUP OF KXTRALABIATl). PI. VIII, fig. 4. 

Among the Arcestidce from exotic block No. 2 a species belonging to the 
group of extralabiati is rather richly represented, although by incomplete speci- 
mens only. In none of them lias the body-chamber been entirely preserved, nor 
have I succeeded in developing the sutural line. The relation of this species is 
therefore based on its external features only, exactly as in the case of P. Danai 
v. Mojsisovies (Cephalopoden der Hallstaetter Kalke, 1. o. VI-1, p. 93, Taf. LVII, 
fig. 4), to whioh species it appears to be most nearly allied. 

In the specimen illustrated, the inner nucleus is globose with siphonal and 
lateral parts regularly rounded. In the last volution the lateral parts are flatly 
arched and marked off indistinctly from the broad and flattened siphonal area. No 
constrictions or varices have been noticed on the inner volutions as far as they 



Dimension*. 



I>i»mrt*r of the 

.. umbilical 

Thlfkn'e- ) 0f U,t V0ht ' ,m 



67 
9 
ft 
81 
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have been exposed, but, near the aperture, the shallow furrows and folds character- 
istic of the group of Arcettes extralabiati make their appearance. In a second 
specimen these furrows are even more strongly marked and deeper than in the 
present one, but their exact number is not known to me, the body-chamber being 
incomplete in all the examples available for examination. 

From Proaroestes Danai our species is distinguished by its more slowly 
increasing whorls and by its narrower umbilicus. 

Diameter of tfctltal .... 

.. ft umbilicuj .... 
Height of the ( above the umbilical future 
last Tolution I „ „ preceding whorl 
Thickoeetrf the Involution . . . 

Sutures.— Not known. 

PINACOCE RATITOI DE A. 

Fam. : LYTOCERATILjE. 

Gen. : Phtllocbras Suess. 

8ubgen. : Discophyllitbs Hyatt. 

There is much discrepancy of opinion among different authors as to the range 
and interpretation of the subgenera of the genus Phylloceras Suesi. The majority 
of triassic species have hitherto been grouped with the subgenus Rhacophyllite$ v. 
Zittel, but there are strong reasons against the correctness of this grouping, which 
seems to be at variance with the circumscription of Rhacophyllit, >s, introduced in 
the memoirs on liassic oephalopod faunae. 

K. v. Zittel (Handbuch dcr Palseontologie II, p. 439) proposed the new sub- 
genus (or genus) Rhacophyllite* for the aocommodation of such species of Phyllo- 
oeras as are distinguished by wide umbilici, by a steep umbilical slope, and by a 
smaller number of auxiliary lobes than are noticed in typical shapes of Phyllocera*. 
In this interpretation, Rhacophijllitet comprises species of triassic, liassic and even 
jurassic age {Phyll. tortitulcatum d'Orb.) and is not at all identical with a group of 
Phylloceras for which E. v. Mojsisovics (Cephalopoden der Mediterrnnen Triaspro- 
vinz, Abhandl. K. K. Geol. Reichsanst. X, p. 151) had claimed a special systematic 
position, chiefly on account of its body-chamber differing materially from the 
chambered portion of the shell, and on account of a special arrangement of the 
auxiliary series, which is united into a sloping suspensive lobe. 

Geyer in his valuable memoir on the liassic Cephalopoda of the Hierlatz near 
Hallstatt (Abhandl. K. K. Geol. Eeichsanst. XII, p. 223) agrees with E. v. Mojsi- 
sovics in attributing a paramount importance to the character of the body-chamber 
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and sutural line, and not to the widely umbilioatcd shape of the whorls. Accord* 
ing to his view special stress ought to be laid on the difference in the terminal 
phylla of the saddles, which are regularly oval in Phylloceras, oonically elongated 
or club-shaped in Rhacophyllitei, and on the position of the branches whioh in 
Rhacophyllites never produce an angular geniculation of the stems of the main 
saddles, as is commonly noticed in typical speoies of Phylloceras. 

This interpretation of Rhacophyllites would make v. Zittel's subgenus include 
Phylloceras piUomorphum Neum. or Ph. planispira Eeyn. but would peremptorily 
exclude triassic species of the groups of Ammonite* debilis v. Hauer or Ammonites 
neojurensis Quenst. 

In his memoir on the liassic Cephalopoda of the Sohafberg (Abhandl. K. K. 
Geol. Reichsanst. XV, p. 74) Geyer does not any longer insist on differences in the 
shape of the phylla, but considers the presence of an abnormal body-chamber and 
of a suspensive lobe as the only distinctive features on which a generic separation 
of Rhacophyllites and of widely umbilical* .J species of Phyllocerat t. t. ought to 
be based. 

Waehner in his " Beitraege zur Kenntnis der tieferen Zonen des unteren Lias 
in den nordoestlichen Alpen " (Beitraege zur Palaeontologie Oesterreich-Ungarns, 
etc., XI, Bd. p. 173) is altogether averse to a generic separation of Phyllocerat and 
Rhacophyllites. According to hia observations the widely umbilicated shapes 
allied to Phylloceras stella, whioh might be considered as descendants from triassio 
Phylloceratidee, are most intimately connected in the lower lias with narrowly 
umbilicated speoies agreeing with the typical forms of Phyllocerat, no important 
characters of difference affording any clue for their generic distinction. 

In the palseontological works of E. v. Mojsisovios three different views _ 
have been taken regarding the classification of triassic species of Phyllocerat. In 
1882 (1- c. p. 151) this learned author advocated the generio separation of Am- 
monite* eximius v. Hauer and of A. lariensis Menegh. from Phylloceras on 
account of their abnormally shaped body-chambers. In this now genus 
A. rakoten«i8 Tlerbich, A. transsylvanicus Herbich, and A. mimatentit d'Orb. 
should be included, with A. exi mim as prototype, but the majority of triassic 
species ought to be left with Phyllocerat 1. 1. In the description of the upper triassic — - // 

Cephalopoda of the Himalayas (Pal. Ind. ser. XV, nimal. loss., Vol., Ill, Pt 1, 

p. 114) the triassic forms which arc grouped round Phyllocerat neojurense and 
had been assigned to Rhacophyllites by Zittel and Steinmann are explicitly consi- 
dered as direct ancestors of the liassio Phytloceratid<e and as true representatives 
of the genus Phyllocerat. 

" Phyllocerat neojurente and its contemporaries from the same group E. 
v. Mojsisovics remarks — " are distinguished from the typical representatives of 
the genus Phyllocerat, as, for instance, from PA. heterophyllum, only by the 
wider umbilious and by the smaller number of auxiliary saddles, oonnocted with 
the lesser degree of involution. Out of the evolute species of Phyllocerat are 
developed on the one hand the strongly involute typical species of Phyllocerat of 
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the Jura, and on the other hand the subgenus Rhacophyllites Zittel, which is 
distinguished by inclined auxiliary lobes and a variable body-cha ruber and is 
confined to the lias." 

From this diagnosis it is evident that E. v. Mojsisovics has adopted the subgenus 
Rhacophyllites in a much narrower circumscription than it had bocn established 
originally by K. von Zittel and that in 1899 none of the triassic species of 
Phyllocerag were by himself considered referable to this subgenus. It roust, 
however, be remarked that one triassic species at least, Phylloceras occult urn 
v. Mojs. (Abhandl. K. K. Geol. Reichsanst. VI I, p. 38, Taf. XVI, fi<rs. 3-6), must 
be included in the subgenus Rhacophyllites, even if the latter is taken in the 
narrower circumscription, as is evident from the shape of its body-chamber, 
differing from the chambered whorls by the development of broad transverse 
plications. 

In 1902 E. v. Mojsisovics entirely abandoned his former view and adopted 
Rhacophyllites in the original circumscription proposed by v. Zittel. In the supple- 
ment to tho Cephalopoda of the Ilallstatt limestone (Abhandl. K. K. Geol. Reichs- 
anst. VI-1, Supplem. p. 317) he states the practical advantages of retaining 
the namo of Rhacophyllites for all tho widely umbilicatcd Phylloceratida of 
triassic age, which K. von Zittel hiinself had enumerated among the leading 
types of his new subgenus. 

It is to tnese triassic types of tho genus Phyltoceras, as FA. tteojurensr 
Quenst., not to tho liassic species of Rhacophyllites, that the Himalayan form> 
which I am goinsr to describe, is most nearly allied. If we accept the 
subgeneric designation of Rhacophyllites for this species, it would mean a 
contradiction of the majority of authors dealing with liassic ammonites, who in 
their memoirs have accepted Rhacophyllites in the narrow interpretation pro- 
posed by Oeycr. If wo wish to choose a proper subircneric name for t.h<* widely 
umhilicated Phyllocerata of triassic age, we must make use of the name 
Discophyllites, which has been proposed by Hyatt for the group of Phyllocerus 
patens (Zittel's Text-book of Palaeontology, Vol. II, p. 5G6). 

No diagnosis of Discophyllites had been given by Hyatt, who was content 
with fixing the prototype of his new subgenus. K. v. Mojsisovics (Cephalopoden 
Hallstaetter Kalke 1. c. VI-1, p. 818) restricted the name to such types as he 
considered to be transitional shapos between Monophyllites and Vhyllocems (or 
Rhacophyllites in the wider interpretation). But in ineluding Phylloceras Ehneri 
v. Mojsisovics (Himalayan Foss. 1. e. Vol. Ill, Pt. 1, p. 116, P). XIX, fig. 6) among 
them, be was misled by an erroneous reconstruction of the sutures of the strongly 
weathered type-specimen of Phylhceraa ftbneri from tho Uaonella beds of Lauka. 
As I have shown in my memoir on the fauna of the Tropites limestone of fiyaus 
(Himal. Foss. 1. c. Vol. V, Pt. 1, p. 173), the sutural line of excellently preserved 
examples from Ealapaui and Lilinthi exhibits a distinctly diphyllic development 
of the stphonal and a rich foliation of tho principal lateral saddles. It is only in 
the second lateral saddle that the monophyllic plan is still clearly marked. Thus 
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this species is, indeed, a transitional shape connecting Di'toophyllitea patent 
most intimately with the rest of the widely umhilicated Phylloceratida of triassic 
age. 

We should not be in contradiction with Hyatt's views in uniting all triassic 
Phyllocerata with PA. patent in the subgenus Diseophyllites, all those forms 
being linked together very closely and differing among each other by features of 
specific value only. In this narrow interpretation both Diecophyllites and 
Bhacophyllitet would comprise well-detined groupH of subgeneric rank. A third 
group of widely umbilicated Phyllocerata of liassic age corresponds to Hyatt's 
subgenus Schistophylloceras. 

Discopuyllites Flowbri nov. sp. PI. VIII, fig. 2 ; IX, fig. 2. 

An examination of extensive materials of this species has convinced me 
that it must be separated from the European Ditcophyllite* neojurensi* Quenstedt 
(Cephalopoden, p. 255, Taf. XIX, fig. 8) on account of some subordinate but 
constant features. 

In it* external shape one of the most remarkable characters of Diaoophyllitet 
Floueri is the considerable height of the whorls. In D. neojurensi* the height and 
width of the volutions arc nearly equal. Among my materials, consisting of more 
than twenty individuals, there is not a single one in which the proportion of 
the height and thickness were not conspicuously in favour of the first dimension. 
This remark applies equally to smaller and larger examples. In this character 
our Himalayan species more strongly recalls Diteophyllite* Ebneri Mojs. than 
J), neojurenai*, with which it otherwiso agrees in all the rest of the external 
features. 

Subordinate differences are also exhibited in the arrangement of the sutural 
line. The general structure of the sutures is the same in both species, and a close 
examination of their details is needed for observing the points of difference. 

All the main saddles arc distinctly diphyllic, exactly as in D. neojurensi*. 
The illustrations of the sutural lino of the latter species, as reproduced by E. v. 
Mojsisovies (Cephalopoden der Hallstacttcr Kalke VI, Supplemented. Taf. XXIII, 
figs. 2, 3) after Quenstedt and P. v. Hauer, show the constancy of all the characters 
of importance, notwithstanding a certain individual variability in some minor 
details. From a comparison of these illustrations with the sutures of D. Floweri 
the following differences are evident : — 

In 2). neojurensi* the saddles are more richly serrated, the terminal phylla of the 
saddles are more slender and elongatod, the stems are very narrow, especially near 
the base. In the main saddles of D. Floweri the base is broad and the terminal 
leaves are very large, recalling in this respect D. Zitteli v. Mojsisovies 
(Cephalopodeu der Hallstaotter Kalke, 1. o. VI-1, p. 318, Taf. XVII, figs. 3, 4). Of 
the two terminal leaves in the siphonal saddle the internal one is deoidedly the 
lower in J), neojuretmi*, whereas it is the higher one in D. Floweri. There are three 
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auxiliary lobes present in the Himalayan species, the third one being divided by the 
umbilical suture. They slope obliquely towards the umbilical suture, but 
are not united into a suspensive lobe, as in typical species of the subgenus 
Bhaeophyllitet Zittel. 



PL VIII. fig. 2. PL IX. fig. 2. 

Diamotor of tho shell 76mm. . . . ab. 52 mm. 



umbilieu« .... 24 



Height of tbot above tba umbilical iotore . SO 
last volution I ., „ preceding whorl . ab. 29 
Thiekneu of the last Tolution . . . . „ 25 



10 

23 
18 

17 



Remarks.— With the exception only of the higher and more strongly com- 
pressed whorls and of the bulky shape of the phylloid saddles in the sutural line, 
I could not detect any characters among the congeneric forms of the Alpine trias 
in which this species differs from Discophyllite* neojurensis. 

Discophyllitex ZUteli v. M.ojs. from the carnio Hallstatt limestone of 
Aussee is also among its nearest allies. In its external shape, especially in the 
proportion of height and width, it agrees even better with this species than with 
J), neojurengig. A oloser comparison of the sutural lines is, however, rendered 
difficult by the great difference in the dimensions of the European and Indian 
ype-specimens. The small example illustrated by E. v. Mojsisovics has also 
diphyllio main saddles with bulky terminal leaves and comparatively broad stems. 
In the siphonal saddle the internal phyllum is the higher one, exactly as in 
D. Flower*. There are only two auxiliary lobes present, but this character is 
evidently connected with the smaller size of the Alpine type-specimen. A more 
important feature of difference is tho larger size of the monophyllic auxiliary 
saddle. This saddle is united with the preceding lateral one, thus formine a kind 
of suspensive lobe, and is not distinctly separated from it by the first auxiliary 
lobe. In D. Flotoeri, as in J>. neojurensi* and in debilit, the auxiliary saddles 
are considerably smaller, dwindling down to rather insignificant elements of the 
sutural line, but they are not united into a sloping suspensive lobe. 

There are no other European triassic species of the genus Ditcophylliteg to 
which the present one might advantageously be compared. D. pumtltu v. Mojs., 
D. despeelus v. Mojs., D. intalidug v. Mojs. are all dwarf species. So are the three 
triassic species from Sicily, which have been described by Gemmellaro as 
D.billimiengU, D. Lanbei and J). Jacquoti (I cefalopodi del Trias superiore, 
della regione oocidentale della Sioilia, Palermo, 1904, pp. 294-297). 2>. debtiig 
v. Hauer has triphyllic saddles. D. occultua v. Mojs. agrees with J). Floweri in 
the general arrangement of tho suTuresTbut is provided with an abnormal body- 
chamber. 

An Indian species to which the present one bears a remarkable similarity 
in its oxternal shape is Digcophylliteg Ebneri v. Mojs. (Himalayan Foss. Palscont 
Ind. ser. XV, Vol. in, Pt. 1, p. 116, PI. XIX, fig. 6). I should, indeed, be at a 
loss how to distinguish them without an examination of their sutural lines, in 
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whose details considerable differences are noticed (vide Himalayan Foes. 1. o. 
Vol. V, Pt. 1, PI. V, fig. 5 ). 

Fain. : PINACOCERATIDJi. 

Gen. : Pinacockras v. Mojsisovios. 

Pinacocebas sp. ind. aff. bbx Mojs. 

In tlie fauna from exotic block No. 2 the genus Pinaeocerae 1. ». is 
represented by several specimens, all of them too imperfectly preserved to permit 
a specifio determination. They arc distinguished by slowly increasing volutions, 
with wide umbilici, thus recalling the group of P. rex v. Mojsisovios 
(Cephalopoden der Hallstaetter Kalke, Abhandl. K. K. Qeol. Keichsanst. VI-1, 
p. 65, Taf. XXIII, figs. 8, 9 ; XXI V r fig. 8) from the Alpine trias. Several forms 
bolonging to this group have been described from the triassic rocks of Sicily by 
Qemmellaro, especially P. Zitteli Gemm. (I cefalopodi del trias superiore della 
parte occidentale della Sicilia, p. 283, PI. IX, fig. 20 ; X, figs. 3, 4) and P. Raueri 
Gemm. (ibidem, p. 289, PI. XIX, figs. 1, 2 ; IX, figs. 17, 18, 19). 

That our Indian speoies does really belong to the group of Pinacocerat rex 
is evident from the character of the sutural line, which I have been able to trace 
in a fragment which is otherwise too poorly preserved to allow a reconstruction 
of the original shell. In common with P. rex this fragment has the circular 
arrangement of lobes and saddles, the apex of the curve coinciding with the 
innermost adventitious saddle. There are six adventitious saddles present, all of 
which are distinctly diphyllio, in sharp contrast to the pyramid-shaped main 
saddles, which ooour to the number of two, exactly as in P. rex. 

Gen. : Pla.citeb v. Mojsisovios. 

Pla.citbs cf. piirauctus v. Mojsiaovics. PL IX, figs. 3, 4. 

The majority of the species of Placitet, belonging to the group of PI. platy- 
phyllu* v. Mojs., are distinguished by the presenoe of two adventitious lobes and 
saddles. There is only one Alpine- specie*, PI. perauctut v. Mojsisovios (Cephalopoden 
der Hallstaetter Kalke, Abhandl. K. K. Geol. Reichsanst. Vi-1, p. 63, Taf. XXI, 
figs. 7-8), in whose sutural line a larger number of adventitious lobes and saddles 
has been developed. The typical form of Placitet perauctut has been collected 
in the norio Hallstatt limestone of the Sommeraukogel, but types closely related 
are already found in the julic deposits of the Salskammergut. They are only 
imperfectly known and have been described cursorily as PI. cf. perauctut by E. v. 
Mojsisovios (1. o. p. 53). 

Types very closely allied to PI. perauctut have also been met with in the 
Himalayan trias. A chambered fragment measuring one half volution, from the 

I 
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qppor Daonella beds of the Bambaoag section, has been mentioned by E. v. 
Mojsisovics (Upper trtassio cephalopod faunae of tbe Himalayas, Pala?ont. Ind. 
»er. XV, Himal Fom. Vol. Ill, Pt. 1, p. Ill, PL XVIII, fig. 9) as Placites sp. 
ind. off. peraucti. A similar fragment has been discovered by myself among 
the materials collected by Smith in the Tropites limestone of Lilinthi (Himal. 
Foss. L c. Vol V, Pt. 1, p. 167, PI. XXV, fig. 6). To these fragmentary examples 
several better preserved specimens have been added recently from the fauna of 
exotic block No. 2. They undoubtedly are related to Placites perauctus, 
not to PI. Oldhami v. Mojsisovics, as is shown by the occurrence of three 
adventitious lobes and saddles. Tho lobes are as deeply incised and the 
saddles nearly as richly serrated as in the typical form of PI. perauctus. The 
number of auxiliary lobes is not exactly known to me. 

The measurements of the two specimens figured are as follows : — 

Fig. S. Fig. 4. 

Diameter of tho •brll 67 mm. 25 mm. 

„ I, ,. umbilical ....... 0 „ 0 „ 

" ,, K ht ] of Ih. lut v.lation £ " l * - 

ThicWu > . M „ • „ 

I dare not identify my specimens with the typical Placitet perauctut. The 
type-specimens from the Sommeraukogel are all of large si«e, showing a diameter 
of the last volution from 109 to 1U mm. Tho only Himalayan example of similar 
dimensions is a body-chamber fragment, in which a height of 56 mm. corresponds 
to a thickness of 17 mm. It is, however, not the more slender and compressed 
shape of the whorl but rather the difference in the shape of the cross-section on 
which I am inclined to lay a special stress. 

In the typical Placites perauctus the flanks run nearly parallel from 
the siphonal shoulder to the umbilical region, whereas in my Himalayan fragment 
they converge strongly towards the latter. Whether this character is sufficient 
for a specific distinction can only he decided after an examination of larger 
materials. For the moment it will be preferable to mention the Indian species as 
Placites cf. perauctus, but without insisting on an identification with the Alpine 
form from the carnic Hallstatt limcstono of tho Roothclstein. 



TROPITOIDEA. 

Fam. : TR0P1T1DA!. 
Gen. : Discotropitbs Hyatt and Smith . 

1005. DitcotropiU* Hy»« ud Smith. Th. tm<«k Caphtlopod gentm of Amerm, V. & Owl. 
Profowioiul Papers No. 40, p. 68. 

In 1877 A. Hyatt (in Meek, U. S. GeoL Exploration 40th ParalL, Vol. IV, 
p. 126) introduced the generic name of Eutomocera* for a triassic Ammouito 
from Nevada, which E. v. Mojsisovics considered as the nearest ally to the Alpine 
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Ammonite* sandlingensis v. Maocr. Thus the generic name of Eutomocerag was 
assigned by him to the European group of Ammonites mndlingensi* and waa, 
on his authority, accepted unanimously in this interpretation. 

A re-examination by Hyatt and Smith of the type-specimen of Eutomoceras 
Laubei Meek, the American prototype of the genus, led td the surprising result 
that the American Ammonite was a member of the section of Ceratitoidea, showing 
close affinities to Hungariten v. Mojs., but differing widely from Ammonites 
sandlingensis, which is a typical representative of the longidome Ration of Tropi- 
toidea. Thus the grouping of the latter species with Eutomoceras Hyatt having 
been based on a misinterpretation of the true affinities of the American genus by 
B. v. Mojsisovics, a new generic designation, Discotropites, was proposed for 
Ammonites sandlingensis by Hyatt and Smith. 

It must be conceded that fromMeek's memoir, in which the name Eutomoceras 
is used for the first time, a satisfactory decision on the distinguishing characters 
of the new genus is not at all easy. K. v. Mojsisovics therefore did not meet with 
any opposition in applying the name to the European group of Ammonite* sand- 
lingensis, which ever since has been considered as tho true prototype of the genus 
Eutomoceras in substitution of the almost forgotten American species. 

The rules of priority being decidedly and indubitably in favour of the first species 
described under the generic designation of Eutomoceras, the inconvenience of 
changing the generic name, usurped hitherto by Ammonites sandlingensis, cannot 
be avoided. I fool consequently obliged to follow P. Smith in adopting the generic 
name Discotropites for the European form from the Halhtatt limestone, notwith- 
standing tho confusion in the nomenclature of triassic Ammonites which will 
undoubtedly result from the misinterpretation of Hyatt's genus. 

Discotropites cf. sandmngensis v. Hauer. PI. VI, fig. 4 

1849. Ammonite* tamdlingenrii P. ▼. Haoer, Ueber n»oe Cephalopodim *n. den Murmoreahiebtan tod. 

Hallatafct u»d A unarr, Haidingw. Natorwiaa. Abhandl. Ill, p 10, TWf. III. 6ge. 10-13. 
1B6C. Ammonite* lanilingeitit A. t. Diitiuar, Zur Fauna dor HaU.taeUer Kalke, Ueognoat. Paleont. 

Beitr. Ton Brneeki-, rie., I, p. 370. 
1593. Eufomoerrat tanilingente £. T. MujaiaoTira, Dit Cepbnlopoden drr rUIUtaetter Kalke, Abbandl, 

K. K. Qeol. Koichwnat. VI-2, p 396, PI. CXXX, fig.. 11-13 j CXXXI, fig.. Ml. 
1896. Eutomocera* cf. tamdlingtnt K. v. Mojaiaoviea, Himil. Poai. Pa!. Ind. Mr. XV, Vol. Ill, Pt. 1, 

p. 49. 

1904. E. landliugctue Gemmellaro, I eefatopodi del Triaa aaperii>re delta parte occidental. d«Ua 8icilia, 

p. 77, T«t. VIII, fig.. 8-10. 
1904. E. *andlinge**e I. P. 8raith, 1 be oompariitiro .Iratigrapliy of tho marine triaa of W«»t»rn America. 

Pr.H!«d. Californl.n Aoad. of eciences 3rd afr.Vo). I, p. 397, PI. XLVI, 6g. 10; XLVIII, fig.. 5. 6. 
1906. E-iteotropitt* tandlingcnii* Hjatt and Smith, Triaa»io eephalopod goner* of America, U. 8. Geol. 

Suit. 8er. a Frofe*.. Paper. No. 40, p. 63, PI. XXXV, fig*. 1-18. 
1006. Eutemocira, cf. ,andli«getue Dim*, Fauna of the Tropite. limeatooe of Byaiu, Bimfl. Fo... 

Vol. V, Pt. L p. 138. 

It is a rather astonishing fact that this wide-spread species of carnic age is 
numerously represented in tho upper triaa of the Himalayas, but in fragment* 
only, and that no complete specimen has as yet been noticed. 

. 2 



HIMALAYAN F08S1L8. 

The only specimen known to me from exotic block No. 2 is less frag- 
and in a better state of preservation than any of the examples from the 
Tropites limestone of Byans. Its identification with F. v. Haner's species is, 
indeed, pretty certain. It is only my aversion against an unrestricted determina- 
tion of incomplete specimens whioh has induced me to add the designation ef. to 
the specific name. 

My specimen is of moderate sise. One half volution and a large part of the 
umbilicus have been preserved. The siphonal edge i9 surmounted hy a low and 
distinct keel. The steep umbilical wall is separated from the flattened lateral 
parts by a sharply rounded edge. 

The ornamentation agrees almost perfectly with the delicate sculpture of the 
American example illustrated by Hyatt and 8mith on Fl. XXXV, fig. 3, and of 
the Alpine specimen illustrated by E. v. Mojsisorics on PL CXXXX fig. 8. The 
majority of the sickle-shaped ribs are dichotomous. There is no angular geni- 
culation in their gentle backward curve along the middle of the flanks. Of umbi- 
lical tubercles faint traces only have been noticed. The spiral striation is very 
delicate. 

Hei « ht } of Asian «borl 



TMritnf ■» 11 h 

KameUroftheombiUco. 76 „ 

Sutures.— Not known in detaiL 

Remarks — Ditcotropitet tandlingeutit is one of the leading fossils of 
the zone of Tropitet tubbullatut in the Eastern Alps and in California, but it has 
also been met with, although very rarely, in the geologically older (julic) Ellipti' 
cut beds of Aussee. 



Gen. : Tropites v. Mojsisovics. 
Tkopites cf. stJBBULLATTJS v. Hauer. PI. VI, fig. 9. 

1849. Ammonite tnbbullaiut P. r. Hao.r. Uetwr none C.phatopoden atu den MannorocbkbUn Ton. 

HolUtrtt and Annee. Haldingera Natorwii.. Abhandl. Ill, p. 19. 7ml. IV. fiji. 1-4 (mm 6-7). 
10C3. Tropitet tubbnllatmt E. r. Mojtl aovie*, Die Cephalopodfn dor HalWtArttar halke, AbhanJl. K. 

Geol.'.Rrieh»ni.t. VI-2, p. 187, Taf. CVI, ;6ga. 1-S. 6. 7 i CVII, fig*. 1-8 , CVIII. tg*. 1-6 ; CX, 

tig. 6. 

1*06. TropiUt ,ubb«U*t*t, Hyatt and .Smith, Tnaaaic eeph.lopod p.r<-r» of Ammca, U. 8. Owl. 
Butt. Mr. C. Prof. P.p. No. 40. p. «7, PI. XXXIII, Sga. 1-7 ; iXXXIV. 6ga. 1-14 : LXXIX, figa. 
l-ic 

1906. Tropitet nbbnUotut Dienor, Fiona of \h* Tropitm li cccBlcfic of liiai t HlnuU. Poaa. Vol. V, 

Ft. 1, p. 14S, PI. IV, 6ga. 6-7. 
1607. Tropite tt. imbbnllutut Di«ner, Ladinje, rarni« and none fan™ of 8piti. ibid., Vol. V. Pi. 3, 

PI. XIV. figa. 1.8. 

There are only three fragmentary casts of inner nuclei available for examina- 
tion. Although more or less deformed and damaged they show a remarkable 
resemblance in shape and sculpture to Tropitet tubbullatut. The whorls are con- 
siderably thicker than high. In one of my costs the 6iphonal part L has been 
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preserved satisfactorily enough for illustration. It exhibits the low median keel 
towards which numerous straight ribs converge at steep angles. 

Although it is not possible to establish the identity of the Indian fossil with 
tlie European speoies, the presence of the group of T. tubbullatut in the fauna of 
exotic block No. 2 has been ascertained. 

Thopitm sp. ind. aff. acutansuw v. Mojs. PI. X, fig. 8. 

1902. TropiU. aff. ,..,..■<,,,,,/„, A. r. KralTt, M.m. Oeol. 8arr. of India, XXXII, PL 8. f. 148. 

The figured specimen belongs to all appearance to a species nearly allied to 
Tropitet acutangulut v. Mojsisovics (Cephalopoden der Hallstaetter Ealkc, 1. c. 
VI-2, p. 203, Taf. CXII, figs. 1, 2). It is not sufficient for an exact determina- 
tion, the outer whorls only having been preserved. 

The east, which has been partly injured by weathering, agrees in its size and 
shape with the type-spooimen from the Subbullatusbeds of the Salzkammergut and 
belongs probably to an adult specimen, in which a small part of the body-obamber 
only is wanting. It differs from Tropitet acutangulut by the regularity of its 
involution, the umbilical suture not leaving the normal spiral. Height and thick- 
ness of the last volution increase slowly, but quite regularly, from the 
beginning of the whorl to the very aperture. The cross-section agrees exactly 
with that in T. acutangulut, being only a little wider than high. 

Iu its sculpture our specimen shows a remarkable resemblance to T. acutan- 
gulut. The ribs are numerous and sharp and exhibit an angular geniculation out- 
side the umbilical margin. In the anterior half of tho last volution all the ribs 
are simple and undivided. In the posterior half of this whorl the sculpture has, 
unfortunately, suffered considerably from weathering along the umbilical margin. 
It cannot bo deoided, therefore, whether or not sharply edged umiblical tubercles 
have been present, but from the direction of the ribs it is obvious that the majority 
of them dichotomised in the umbilical region. No secondary bifurcations have 
been notioed in the marginal, region. 

Although the siphonal part has been severely damaged, I have been able to 
state the presence of a keel, accompanied by a distinctly marked keel-furrow. 



Diameter of the tUU 69 i 

,. ,. „ umbilicial 27 

Height of the l»«t rebore the ninbtlical aatara . . . . ab. 28 

relation t ,. „ preceding whorl ab. 21 

of the but rotation ••••••...92 



Sutures.— Not 

Remarht.— 8pocies v<ry closely allied to Tropitet acutangulut have been 
mentioned from the Tropites limestone of Byans by E. v. Mojsisovics (Himalaran 
Foes., VoL in, Pt 1, p. 46, PI. XI, fig. 4) and by myself (ibid., Vol. V, Pt. 1, 
p. 51). As they are represented by specimens still more fragmentary than the 
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present one, their specific identity with the form here described cannot be- 
ascertained. 

TaopixES sp. ind. aff. Wodani v. Mojs. PI. VI, fig. 11. 

A fragmentary cast of a small species of Tropitea recalls in its external 
characters T. fFodani v. Mojsisovios (Cephalopoden dor Uallstaetter Kalke, 
Abhandl. K. K. Geol. Reichsanst VI-2, p. 221, Taf. CXVI, fig. 6). It agrees with 
the Alpine typo-specimen in size and in the shape of the transverse section. The 
volutions are of equal height and thickness, the flattened lateral parts being 
separated from the high and perpendicular umbilical wall by a shaVp edge and 
passing gradually into the rounded external part in a very regular curve. 

The delicate ribs originate in pairs from faintly developed umbilical nodes. 
They are nearly straight and turned forward very strongly on the siphonal area, 
thus meeting the median keel at acute angles. 

The presence of Tropitea Wodani in the Tropitos limestone of Byans (Himal. 
Foss., Vol. V, Pt. I, p. 152, PI. V, fig. 6) is in favour of a closer comparison of this 
undeterminable oast with the Alpine species from Aussee. 

Subgen. : Asatrohtbs v. Mojsisovios. 
Anatropites cf. spinosus v. Mojsisovios. PI. VI, fig. 10. 

1893. Trvfitt, Unitropita) tpinons E. W. Mojaiaorioe, Opbalopoden d« HalWaetUr hV.k.. Abbandl. 

K. K. Geol. Beichuo.t. VI-2, p. m, Taf. OX, fig. 8. 
1903. Trojntc, aff. tpino**, A. r. Kraft. Hem. Geol. 8urr. of India. Vol. XXXII. Pt 8. p. 1*3. 

The figured specimen, tolerably well preserved, is a typical representative of 
the group of Tropitea apinort (Anatropites), as is shown by the large thorns 
adorning the umbilical edge of its inner volutions. In the last volution, which 
forms part of the body-ohamber, the umbilical thorns are replaced by tubercles, 
from which faint radial ribs arise, which become obsolete before reaching the siphonal 
part The median kool is comparatively high and sharp, but not accompanied by 
lateral furrows. 

My specimen agrees so olosely with the. Alpine type of Anatropites tpinoaus 
that I should have ventured on a direct identification, if the inner whorls of the 
Himalayan example had been preserved more completely. Although the latter 
is slightly inferior in size, its proportions and sculpture agree almost exactly. The 
thickness of the last volution is considerably greater than the height, but is equal 
to the width of the umbificus. 

Seventeen umbilical thorns or nodes are counted within the circumference of 
the last volution. 

From Tropitea (Anatropitea) Jdalgi v. Mojsisovios {ibid., p. 225. Taf. CX, 
fig. 3) our specimen is distinguished by the greater height of its whorls and by 
its less strongly depressed external shoulders. 
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Dimension*. 

t ■ v .. . . - 

Dwmttor of tfio ibtll • S3'5 mm. 

n M ■» uonbilioui » • • . • ■ . • • 10 „ 

J^^jof th.l a ,tTolatioii g • 

Suture*. — Not known. 

Remark*. — Anatropite* spinosus is a very rare species in the julic stage of 
the Salzkammergut. One single specimen only has been quoted by E. v. Moj- 
sisovics from tbe Ellipticua beds of the Roothelstein. 



Anatbofites Pilqbimii nov. sp. PI. VI, figs. 6, 7 ; IX, fig. 5. 

That this speoieB belongs to the genus Tropite*, not to Tropicellitet, is proved 
by the character of its sutural line, which, although not entirely known, is 
decidedly doliobophyllic, not clydonitic. It is, however, less easy to fix its system- 
atic position among this five groups which have been distinguished among the 
genus TropUet by E. v. Mojsisovics, and to whioh even a subgeneric rank has 
been attributed by that learned author. 

The inner volutions are not adorned with proper thorns along their umbilical 
edges, but rather with very broad and stout ribs. A similar type, Tropite* Geyeri, 
has been grouped with the subgenus Anatropite* by E. v. Mojsisovics Onr 
species, indeed, agrees with typical representatives of this subgenus in the majority 
of its leading features, especially in the external shape, which recalls Tropieellites, 
and in the gradual weakening of the ornamentation in the outer whorls. 

Three fairly well-preserved examples, consisting both of inner nuclei and body, 
chambers, arc available to me for examination. They are provided with numerous, 
slowly increasing whorls, whioh leave a wide umbilicus open. The transverse 
section is more strongly compressed than in A. Qeyeri and higher than thiok. 

In the inner volutions the sculpture consists of strong umbilical ribs, which 
are but exceptionally elevated into obtuse tubercles near the umbilioal edge and 
die out gradually towards the external shoulders. Some of them, although 
thinning out into delicate fold*, reach across the siphonal area to tbe median keel, 
which is high and sharp. The body-chamber whorl is distinguished by its more 
delicate ornamontation. The umbilioal ribs are reduced to obtuse nodes, and tbe 
delicate folds are arranged in cresoonts with their convexity turned backward. 



Dimension*. 

rofUw.h-H S) mm. 

„ ] „ nmMlieon . . . ... . . . . 11 „ 

^jf^J of tb. l.at Toktion l< 9* Z 

Sutures.— Not known in detail. Siphonal lobe narrow, with two diverging 
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points at its base, which are separated by a loir median prominence. Si phonal 
saddle large and dolichophyllic, as in typical species of Tropitee. 

Remark*.— Among Alpine species of Anatropitet A. Oeyeri v. Mojs. is certainly 
most nearly allied to the present one. It is less strongly compressed, provided 
with more slowly increasing whorls, and exhibits a large umbilions. But otherwise 
the two species agree pretty well in their general shape and ornamentation, especi- 
ally in the reduction of umbilical thorns, whioh are replaced by stout ribs. 

From the triassic rocks of Sicily two Bpeoies with a similar ornamentation 
hare been described by Gemmellaro, namely, Anatropitet Mojaieoviesi Gemmellaro 
(I cefalopodi del trias superioro della regione occidentale della Sioilia, p. 123, Tav. 
VII, figs. 40-42) and A. Frechi Qemm. (ibid., p. 120, Tav. XXV, figs. 1315). But 
both of tliom are easily distinguished from the Himalayan form by their com- 
pressed and slender shape, especially A. Mojmovieei, whioh has a very large 
umbilious and numerous radiating costsB, 



Gen. : Mabgaritbs v. Mojsisovics. 

Mabgabitbs ibregularicostatus nor. sp. PI. VI, fig. 8. 

This species represents a type of the group of Margaritet uniepinoti, whioh is 
distinguished from the most closely related forms of the Alpine trias by the 
irregular character of its sculpture. 

My type-specimen, which is fairly well preserved and provided with a part of 
its body-chamber, shows slowly increasing and low whorls of a nearly qxiadrangular 
section, thus recalling Marg. tubauctue v. Mojsisovics (Cephalopoden der 
Hallstaettcr Kalke, 1. o. VI-2, p. 305, Taf. CXCV, fig. 17). The external keel is 
low and not crenulated. 

The ornamentation of the inner whorls is distinguished by the lack of umbili- 
oal tubercles, and by the alternation of stout primary and delicate secondary ribs. 
The stouter ribs aro disposed at considerable distances and elevated into marginal 
spines. Their direction is not exactly radial but slightly turned backward. The 
delicate secondary ribs, which aro of irregular strength and number, are directed 
backward more strongly, thus including an acute angle with the primary costae. 
On the last volution the disposition of primary and secondary ribs is much more 
irregular. The development of marginal spines or tubercles is no longer confined to 
the primary ribs, some of whioh occasionally bifurcate. This tendency towards 
bifurcation is also exhibited in some uf the secondary ribs, which are of very 
different. strength and number and occasionally of an undulating direction. 

There is no- species of Margaritet known to me, either in the carnic 
Hallstatt limestone of the Salzkanimergut, or among the triassio fauna} of 8icily, 
which for irregularity of ornamentation can be compared with the present 
one. 
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Diameter of the ehell , 2i i 

5 . . 10 



JoftbelaatroloUo. 



bo 

Suiure*.— Not known. 



Fam. : HALORITID&. 

Gen. : Jovites v. Mojsisovics. 
Jovites cf. sPKCTABius Dien. PI. V, fig. 1. 

1906. Jont* ipectalili*, Diener, Fauna of the TrnpiU. limestone of Byana, Himal. Few. Pabwnt. I»d. 

arr. XV, Vol. V, Pt. 1, p. 123, PL XVI, fig. 1 s PI. IX, fig. 10. 

1907. Jovitt. rptctabili., Dirtier, Udinic, carnir, and noric fanme of Spiti, Vol. V, Pt. 8, PI. XV, 

fig. 3. 

The specimen figured is a mature example of a species of Jovites with a very 
distinct umbilical opening of the body-ohnmber whorl. It is partly crushed aad 
no exact idea of its transverse section can bo formed from its outlines. It could, 
howoTer, be ascertained that the greatest inflation corresponds to the commence- 
ment of tho last volution, and that in the vicinity of the aperture a second, although 
moderate, inflation and widening of tho external pari follows tho compression of the 
body-chamber. 

The siphonal part has not been preserved well enough to state whether or not 
a keel-like median projection has been developed. Tho openiug of the umbilicus is 
very considerable. Indeed, it expands so considerably that tbe height of the 
transverse section does not increase throughout one half of the entire length of the 
last volution. 

In its general character and ornamentation this specimen agrees very closely 
with the type from the Tropites limestone of Byans, to which the name Jovites 
speetabilis has been assigned by myself. The sculpture consists of stronger ribs 
than in J. dacus v. Mojs. or J. daciformis Diener. Dichotomisiug ribs are noticed 
in the posterior half of the last whorl, although rather exceptionally, but are entirely 
absent in the anterior portion, where they are arranged at larger distances and 
become sharpened. 

Dimensions. 

Diameter of tbe abell ......... 81 nun. 

„ „ „ umbilicus . • . , .... 23 „ 

Height of the hut Tolotion 29 . . 

Thickxeaa at the commencement of tbe but whorl 81 „ 

Sutures— Not known. 

r 
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As a specific distinction between Jovites spectabitis and ■/. bosnentis can only be 
based on essential differences in the snlural line, I bave not ventured on a direct iden- 
tification of the present specimen, although there are some strong reasons in favour 
of its identity with the Himalayan species from the Tropites limestone of Byans 
and Spiti. 

JovirES daciformis Dicner. PL V, fig. 2 ; VII, fig. 8. 

1906. Jovile* Jaci/brmi,, IHcmer, F.nna of the Tropite. limertone of Bj»n., P»l. Ind. ier. XV, Himil. 
Fom. Vol. V, Pt. 1. r . PI. XV, fig.. 6-10 . XVI, fig. 2. 

Two inner nuclei in a satisfactory state of preservation, and two internal casts 
with fragments of the body-chamber adhering, agree so closely with Jovites 
daciformis from the Tropites limestone of Byans that I do not hesitate in identify- 
ing them. 

The two figured casts are strongly globose and broader than high, with closed 
umbilici. Tho numerous bifurcating ribs cross the keel-like median projection of 
the sipbonal part. 

The sutures agree with those of Jovites daciformis, not with those of J. dacus 
v. Mojs. The lateral leaves accompanying the stems of the high and slender s tddle 
are arranged obliquely to the axis of the latter. 

The prosenee of Jovites daciformis in the fauna of the exotio blocks of Malla 
Johar having been established, there is some probability of the two fragments 
collected by myself in the Kiogarh range, south of Sangclia Talla, in 1892, and 
described as Jovites nov. sp. ex off. bosnensis by E. v. Mojsisovics (upper triassic 
cepbalopod fauuse of the Himalayas, Pal. Intl. sor. XV, Himalayan Foss. Vol. I ll, 
Pt. 1, p. 18, PI. IX, figs, i, "t), belonging also to this species. Their only difference 
consists in the smaller number and somewhat greater strength of the ribs, but the 
range of variation with reference to this feature is so large in J daciformis, as well 
as in its European representative, J. dacus, that it can barely be considered 
sufficient for justifying a specific separation. 

Jovites nov. sp. ind. PI. IX, fig. 6. 

The figured fragmentary cast belongs to all appearance to a species of Jovites 
which is distinguished from all congeneric forms by the absence of any external 
ornamentation. It was provided with low and moderately inflated whorls. The 
egression of the umbilicus, which is not as widely expanded its in the group of 
Jovites dacus Mojs., corresponds to the beginning of the last volution. 

In the transversa section the presence of obtusely rounded siphonal shoulders 
is a remarkable feature. The siphonal area is broad and flattened. The faint, 
keel-like projection in the middle of the siphonal part extends to the end of the last 
whorl. 

The surface of tho cast is entirely smooth and devoid of any kind of sculpture. 
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Dimensions. 

Diameter < f the ihell 44 i 

»• •» *t UOlMllCtlt •■♦#..,.,6 

H " ght ) of tb*l».t rotation »• 



Ik 28 „ 

Sutures.— Not known. 

Remarks.— There is no Europeau species of Jooites known to mo to which 
the present specimen might be oompared. It* inootnplete state of preservation 
prevents me from introducing a now specific designation. 



Gen.: Juvayitbs v. Mojsisovios. 

Juvavitbs Kbaffti nor. sp. PI. VII, fig. 3. 

This species belongs to a group of Juvavites interrupts which is distinguished 
by a gradual obliteration of the sculpture in the body-chamber of adult individuals, 
its nearest allies in the Alpine trias are Juvavites nepotis v. Mojsisovics (Cepha- 
lopoden der Hallstaetter Kalke, 1. o. VI-2, p. 92, Taf. LXLI, fig. 12) and J. Ella 
v. Mojsisovics (1. o. p. 93, Taf. OXXIX, fig. 20). There is also a great external 
resemblance betweon the figured specimen and Juvavites (Anatomites) Halavatsi 
v. Mojsisovics (1. c. p. 99, Taf. CXXIX, fig. 22), but the absence of any paulostome 
furrows or ribs in the Himalayan type peremptorily forbids its identification with 
representative of the subgenus Anatomites. 

At the beginning of the last volution the whorls are semiglobose, being con- 
siderably broader than high. In the antorior half the height of the volution 
increases more rapidly than its width. Thus the transverse section of the aperture 
appears to be compressed and provided with a very narrow external part, whereas 
it is broadly rounded in the chambered portions of the shell. 

Tho sculpture on tho two halves of the sholl corresponds exactly, but is 
interrupted along the median line of the oxternal part by a narrow, smooth zone, 
which is reached by the lateral ribs with very steep angles. This interruption of 
the sculpture does not result from an obliteration of tho rihs, but from a gradual 
elevation of the intercostal furrows. The median zone of the external part is 
therefore elevated above the general level of the shell. Where the elevation of the 
intercostal furrows is not sufficiently high to obscure the ribs, the latter are seen to 
oross the oxternal part, meeting from both sides at very obtuse angles. 

The posterior part of tho last volution is covered with numerous high and 
narrow ribs, which are slightly curved and separated by deep and brood intercostal 
valleys. Their arrangement i< rather irregular. Two stem-ribs are simple but 
accompanied on either side by intercalated ribs. The rest are forked ribs. They 
are either dichotomous or united into fasciculi with a tripartite arrangement. 

rt 
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The change in the transverse seotion of the last whorl ooinoides with a complete 
change of the soulpture. The numerous and strong ribs become obliterated rather 
rapidly. The ornamentation of the anterior half of the shell, wbioh probably 
belongs to the body-ohamber, is reduced to a small number of broad and indistinct 
folds. Otherwise this portion of the shell is entirely smooth. No traces of 
tuboroles have been noticed, either in the umbilical or in the marginal region. 

DUnwteicftbeihell 80 mm. 

„ „ „ umbilical 6"6 „ 

Height of the j uboTO the umbilici suture 41 „ 

Istt Tblu'ioa ' ., „ preceding whorl 20 „ 

Thlckneu of thj lxat roluti >n 36 

Hei * ht \ .t the beRinning of the tut relation 21 

Tbiclinwe ' 28 ,. 

Sutures. — Not known. 



.Tt/vavites Dograncs nov. sp. PL V, fig. 3. 

This species, which is represented in the Himalayan collection by the figured, 
incomplete specimen only, is very nearly allied to the preceding one, from whioh 
it differs by its smaller size, more strongly compressed shape, and more closely 
set ribs. 

The transverse section of the last volution changes considerably, being ellip- 
tical at the beginning, whereas it is of nearly triangular shape at the aperture, faint 
rounded angles forming the boundary of the gently ourved external part. The 
umbilicus is deep, but very narrow. 

The ribs are more numerous and developed less strongly than in Jttvavitfa 
Kraffti. The smooth band, which interrupts the soulpturo along the median sone 
of the external part, is comparatively broad. Its elevation does not reach the 
height of the lateral ribs. 

The ribs are arranged almost, symmetrically on bo-h sides of the sholl. Some 
of them cross the external part in uninterrupted cutves, -which are slightly turned 
forward. Tue ornamentation is rather irregular. At the beginning of the last 
volution simple ribs alternate with bipartite, tripartite, and quadripartite ones; but 
in the anterior portion of this whorl the majority of the ribs are dichotomous, and 
a simple rib, which is restricted to the marginal region, is often intercalated 
between two ftem-ribs. 

As in Juvavitea Kraffti, the sculpture becomes obliterated completely in the 
vicinity of the aperture. But this obliteration does not coincide exactly with the 
beginning of the body.chambcr, the last two septa being situatod within tho smooth 
region of the shelL 
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Dimension*. 

DiamoUr of th« .he'l 

„ „ umbiHeu 



■1 




20-5 

246 „ 

16 ,, 

17 „ 



Sutures.— The sutures, as far as known, agree well with those in typical species 
of Juoavites. Saddles elongated and dolichophyllie. Biphonal saddle terminating 
in rounded pliylla, imparting to the apex a rounded aspect, whereas in the princi- 
pal lateral saddle the median phyllum is considerably longer than the adjoining 
lateral leaves. 

Principal lateral lobe bipartite, its two short diverging points being divided by 
a mosial indentation. Auxiliary aeries not accessible to observation. 

Remarks. — A species, which is probably very nearly allied to the present one, 
is Juvavitet tonkinensis Diener (Note sur deux espeees d'Ammonites triasiquea 
du Tonkin. Bull. 8x5. g6ol. de Frauce, 3e. ser. XXIV, 1896, p. 883), from the upper 
basin of the Black River in Tonkin. There is a very close agreement in the sculp- 
ture, with the only exception that the ribs are curved forward more strongly on 
the external part of the Indo-Chinese form. Near the aperture of Juvavites tonkinensis 
the ornamentation is also obliterated, but the transverse section of the last volution 
is not subject to any change throughout the entire, length of the last volution, the 
anterior half of which belongs to the body-chamber. 

A species nearly allied to Juvavites tonkinensis as well as to the present form 
has also been noticed from the upper Daonclla bods of the Central Himalayas, hut 
its unsatisfactory state of preservation does not allow a closer eomparison. 

Jcvavitbs sp. ind. ex aff. Subintbrrbpto v. Mojs. PI. VII, figs. 4, 6. 

Two fragmentary ca«ta belong to a globose form from the group of 
Jutatites interrupt*, and, chiefly by the character of their sculpture, they recall 
J. subinterruptus v. Mojsisovios (Ccphalopodcn der Hallstaetter Kalkc, L o. VI-2, 
p. 90, Taf. LXXXIX, fig. 13; XC, figs. 2, 3 ; CXXVI, fig. 16) from the carnic 
stage of the Hallstatt limestone. 

No traces of septa having been preserved, I cannot decide whether or not the 
two specimens were provided with their body-chambers, although from the character 
of their ornamentation I am inclined to consider them as nuclei rather than as adult 
individuals. They are robust and strongly globose, much more so indeed than 
any of the Alpino or Sicilian species of this group. There is no change in the shape 
of the transverse section from the beginning of the last volution to the aperture. 

The direction of the ribs is nearly radial on the lateral parte, but faintly curved 
or flexuoue. The majority of the ribs are dichotomous, bifurcating at a point situated 
about one-third of the height of the whorl, but in a small number of ribs a second 
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bifurcation is noticed in the marginal region. In the middle part of the last volu- 
tion of the specimen illustrated in fig. 6 a bundle of ribs is formod by the coales- 
cence of two forked slom-ribs neir the umbilical margin, but this bundle is not 
accompanied by any paulostome furrow. Some intercostal valleys appear, indeed, 
to be a little larger than the adjoining ones, but they are not true paulostome furrows. 
The difference botwecn the broader and narrower intercostal furrows is certainly 
smaller than in Jueavites attatomitoides Gemmellaro (I cefalopodi del trias superiore 
della parte occidentale della Sicilia, p. 185, Tav. XVIII, fig. 50), which is, neverthe- 
less, a typical species of Jueavites s. s. 

The ribs are not arranged symmetrically on both sides of the shell and are 
interrupted along the middle line of tbo external part by a comparatively broad, 
smooth band. They terminate very abruptly, the smooth zone not correspond- 
ing to a gradual elevation of the intercostal valleys. 



Sutures — Not known. 

Jtjvavites nov. sp. ind. (oboup op CONTINtJI). PI. IX, fig. 8. 

The sphseroidal shell represents the chambered nucleus of a small species of 
Juvavites. The last septum corresponds to the aperture ; little fragments adhering 
to the external part at the beginning of the last volution form a part of the body- 
chamber. 

The whorls arc considerably wider than high and are oovercd with numerous 
forked ribs. The majority of the ribs arc dichotomous. One bundle formed by the 
coalescence of two forked stem-ribs immediately outside the umbilical margin and 
two simple, undivided ribs have also been noticed. The dichotomous ribs bifurcate 
at a point about one-third of the height of the whorl. 

The ribs are arranged symmetrically on both sides of the shell, and are united 
in the middle of tho broad siphonal pnrt without any interruption. In crossing the 
siphonal part they describe a flat curve, with its convexity turned forward, but 
there is no gcniculation at the place where they meet from both aides, as in 
Jutatites gastrogoniuB v. Mojsisovics, or in the unnamed species from the carnic 
Ilallstatt limestone which has been illustrated by E. v. Mojsisovics on PI. 
LXXXIX, fig. 9, of the " Ccpbalopoc'en der ITallstaetter Kalke " (Abhandl. K. K. 
Geol. Reicbsanst. VI-2). 

Although the ribs are not interrupted along the median «onc of the external 
part, they appear to be considerably lower than in the flanks, on acoount of a 
gradual flattening of the intercostal valleys. 



Dimensions. 



r* e. 



DUtneUr d tba 
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Dimeimow. 



MmmIm of tl>e »h<>l; 03 mmi 

, umi)ilie»J »uture 8 „ 

H*\g\A of the ( above th« unsbili>nii II „ 

!»»" volution I „ „ pre-riling whorl 7 „ 

TL,i.-knc<>< of th» la.t volution 20-5 „ 



Suture*.— Not known. 

£etnar&8.-- There is no European species to which the present fragment could 
bo more closely compared. I have mentioned it here especially in order to prove 
the presence of a form of the group of Juvaoites contimti in the fauna of exotic 
block iN'o. 2. But no stratigraphieal ovidouce can be gathered from its presence, 
typical species of this group having been distributed both in carnic and noric beds 
of the Alpine trias. 

Subgeu. : ombsbachitbs v. Mojsisovics. 

1MW. GrieiliJtkitet v. Jlojn sovicj, IVnkachr. (Cat*. Akal d. Wis*, math. nat. K1. Bd. LX1II, p. 003, 
1B»;>. GrUtbaekitti v. Mojuiaovic*, Himalayan Fo« Pal. Ind. ier. XV, Vol. Ill, Pt. J, p. JS. 

The subgeneric denomination of Griesbachite$ has been proposed by E. v. 
Mojsisovio* for a small number of species of Jnoxvites, in which marginal tubercles 
are developed bath on the body-chamber and in tho inner whorls of the shell. 
There were only three typioil sp?eies of this subgenus known to him, Griesbachitet 
Medleyanu* Stoliczka (Memoirs Geol. Survey of India, Vol. V, p. 54, PI. IV, fig. 5) 
from Spiti, of unknown age, G. Hituni v. Mojsisovics, from the upper Daonella bed 
of the Bambanag and Lauka sections, and G. Kastneriy. Mojs., from the carnio 
Ellipticus beds of tho 8 ilzkammergut. The first of those throe species is consider- 
ed as the prototype of the subgenus. 

In his preliminary notes on the oophalopod fauoaj of the Himihyan trias 
(Sitzungsber. Kais. Akad. d. Wiss., 1892, Bd. CI, p. 65) B. v. Mojsisovics united 
Juvavites Medleyanu* with the genus Sagenitct v. Mojs., considering the develop- 
ment of stout marginal tubercles as a feature of generic importance. In his 
memoir on the Cephalopo ia of the Hallstatt limestone (Abhandl. K. K. Geol. Reichs- 
anst. VI-2, p 157) he compares the Indian species to Sagenites Schaubachi v. Mojs. 
of the group of reliculati and oven notices traoes of a longitudinal striation on the 
siphonal part of the cast. 

Prom his later description in the Pakeoutologia Indioa it is, however, evident 
that he had been misled by an external similarity between Griesbachites Medleyanus 
and Sagenilet, That there is, indeed, no real affinity between this specios and 
Sagenile* is obvious from my recent examination of A. v. Krafft's materials. In 
his collections from exotic block No. 2 six specimens of Griesbachites are repre- 
sented, which are so nearly allied to the prototype of the subgenus, G. Aledlcyamts, 
that they had been identified with the latter by A. v. Krafft. In several specimens 
large fragments of the shell have been beautifully preserved. In none of them 
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does the test show any trace of retioulatiou or longitudinal striso. Thus the morpho- 
logical agreement with Sagenites is not connected with any closer affinity. 

All characters of importance lead to the suggestion of a very close affinity 
of Qrieabaohitsa with Juvavitea. Among knob-bearing forms with distinct 
marginal ears Juvavitea Chamiaaoi v. Mojsisovios (1. c. p. 94, Taf. LXXXVII, fig. 2) 
has been left with this genus by E. v. Mojsisovics, whereas a second one, Juvavitea 
fulminaria v. Dittmar (E. v. Mojsisovics, 1. c. p. 136, Taf. LXXXVII, fig. 1), 
has been grouped with the subgonus Anatomitea, on account of some differences 
in the strength of the lateral ribs. 

To me both species seem to be related most intimately to the prototype of the 
subgenus Grieabachitea. The only feature of distinction, which has been pointel 
out by E. v. Mojsisovics, is the confinement of marginal tubercles to the body- 
chamber of adult individuals in the two last- mentioned species, whereas in Griea- 
bachitea Medleyanua such marginal tubercles already make their appearance on 
the chambered whorls. But this feature of distinction I cannot consider to be 
a very safe one. In Juvavitea fulminaria the inner whorls are not known. Accord- 
ing to the description, the commencement of the last volution corresponds 
exactly with the last septum. The entire periphery of this volution being adorned 
with marginal tubercles, E. v. Mojsisovics himself declares it to be an open question 
whether or not such tubercles may bo developed on the inner nucleus. On the 
other hand it is barely possible to ascertain the position of the last septum in the 
type-specimen of Juvavitea Kaatneri. As marginal ears make their appearance in 
the anterior half of the last volution only, a very small part of the chambered 
portion of the shell only oau be distinguished by their presence, A similar diffi- 
culty of ascertaining the boundary between air-chambers and body-chamber is met 
with in the three Himalayan specimens, which I have united provisionally with 
Juvavitea Kaatneri. Nor have any sutures been noticed by E. v. Mojsisovics in 
his fragments of Grieabachilea JIantii,&a& his suggestion that they were completely 
chambered still lacks proof. 

Although I am at variance with the views of E. v. Mojsisovics on the system- 
atic value of the relative position of marginal tubercles on the hody-ohamber or 
on the last air-chambers, I fully concur in bis opinion that the forms grouped 
around Grieabachitea Medleyanm are distinguished by characters sufficiently im- 
portant to justify a proper subgeneric designation. But I prefer to propose a slight 
chaDge in the circumscription of this subgenus, and to include in it all forms of 
Juvavitea which are distinguished by the development of strong marginal tubercles 
or ears. 

Whether all forms distinguished by the presence of marginal tuberoles are also 
connected genetically is a question which cannot be answered at present. Some 
knob-bearing species of Juvavitea from the triassic rocks of Sicily have been grouped 
with the subgenus Anatomitea v. Mojs. by Oemmcllaro. Such species are Anatomitea 
elegana Gemmellaro (I oefalopodi del trias superiore della parte occidentale del la 
Sioilia, p. 241, Tav. XX, figs. 14-16; XXIII, fig. 9), A. Bukowakii Gemm. (1. c. 
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p. 24, Tav. XI, figs. 7, 8 ; XXIII, fig. 8), A. Timaei Qemm. (1. o. p. 226, Tar. XVII, 
figs. 10, 11; XXIII, fig. 7). All of them arc provided with deep paulostonie furrows 
and have the marginal tubercles restricted to the body-chamber. In A. Timaei they 
are even confined to the posterior portion of the body-ohamber only, whereas in 
the vicinity of the aperture the ornamentation becomes altogether obsolete. 

£ut paulostome ribs, the characteristic feature of the subgenus Anatomitea, 
have also been noticed in one of the most typical species of Grietbachites, in G.Hanni, 
by E. von Mojsisovics. Thoy are not known cither in G. Medleyanut or in G. 
Kaatneri, but it must be remarked that in neither species have inner uuolei as yet 
been available for examination. 

If the examination of new materials should prove the inner nuclei of these two 
species to be devoid of paulo9tomes, we should be obliged to suggest that marginal 
tubercles have been acquired by different lines of Juvavitea. In this case it would 
become necessary to restrict the name Grieabachitea to the descendants of Jucaoitea 
a. 8. and to introduoe a new subgeneric designation for the knob-bearing types of 
Anatomitet. But then G. Haniii could no longer be left within the subgenus Griea- 
bachitea, even if the latter were taken in the narrow original interpretation which 
has been proposed by E. v. Mojsisovics. 

In the fauna of exotic block No. 2 the subgenus Grieabachitea is represented 
by two typical species, one of them with Alpine and the second with Indian affini- 
ties. Together with Cladiacitea they are the most remarkable and characteristic 
elements in the fauna of exotic block No. 2. 



Giiiesbachites of. Kastneri v. Mojsisovics. PI. VI, figs. 1, 2, 3. 

U93. JuTtirilcs Katlncri E. v. MojtiMvin, Ophalopo.leu der llallataelter K»1W, Abbnodl. K. K. G*ol. 
R«i«ti*n.t. VI-2, p. 16, T»f. CtXXXYf, fig. 3. 

,< v v ' 

Three specimens, in which all characters have been excellently preserved with 
only the exception of the sutural lino, are related so closely to the Alpine Jumvitea 
Kaatneri v. Mojs., from the carnic Ellipticus bods of the Salzkammergut, that I 
cannot find any distinctive feature which might justify a specific separation. 

It is especially the smallest specimen (fig. 1) which in its shape and proportions 
exactly agrees with the type specimen of J. Kaatneri. Its whorls are moderately 
inflated, their width being slightly inferior to the height, and they overlap one 
another as far as the umbilical margin, which is steeply rounded and separates a 
low but vertical umbilical wall from the gently curved flanks. Siphonal part 
roundod, and marked off from the lateral parts by an indistinct marginal shoulder. 

The two other specimens differ from the smallest one by their more compressed 
shape. The whorls are considerably higher than broad. The lateral parts arc 
flattened and they convergo less strongly towards the external part ; the marginal 
shoulder is more distinctly marked. In the specimen illustrated in fig. 3 the 
cross-section of the aperture is almost rectangular in its outlines, the siphonal part 
widening iuto a flattened area. 
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Ab the specimen illustrated in fig. 2 is a truly transitional shape between the 
two other types, I cannot consider these differences as characters of specific 
importance, but only as marks of individual variability. 

There are also some individual variations of minor importance shown in the 
sculpture of the three figured specimens. The specimen illustrated in fig. 2 
in its ornamentation agrees most nearly with the Alpine type. It consists of 
broad and low folds or ribs, which are directed radially in the lower half of the 
lateral parts, but show a sigmoidal curve in the vicinity of the marginal shoulder. 
Their number is increased towards the external part, either hy bifurcation of the 
stem-ribs or by intercalation of secondary ribs. Some of the primary rib9 are 
more strongly markei than the rest, but the difference in strength is only 
insignificant. 

Along the median line of the siphonal area the ribs are interrupted by a narrow, 
smooth Iwmd. Their arrangement on both sides of this median zone is rather 
irregular, alternation and correspondence of opposite ribs occurring indiscriminately. 
In the anterior half of the last volution the development of marginal tutercles 
sets in. Six marginal tubercles arc counted in the last half volution. In the 
majority of tubercles a bifurcation of ribs is noticed. As a rule every fourth or 
fifth rib is adorned by a tuberole. The majority of tubercles are arranged symmetric- 
ally with the median line of the shell, but there arc some exceptions from this rule. 
The ribbing weakens gradually towards the aperture, whereas the tul>ercles 
become stronger. 

The specimen illustrated in fig. 1 possesses broader ribs separated by wide 
intercostal furrows, but a large number of marginal tubercles, eight of which are 
counted in the circumference of the last half volution. Thus only one or two 
simple ribs are intercalated between such ribs as bear marginal tubercles. 
The smooth zone of the siphonal part is very narrow. Some of the ribs, which 
are arranged almost symmetrically on both halves of the shell, even close together 
on the external area in the vicinity of the aperture. 

In the specimen fig. 3 there are very numerous, chiefly fork<nl ribs. Tubercles 
arc developed in a rather advanced stage of growth, and in small numbers only. 
The ribs continue increasing in strength, although becoming less numerous, to the 
very aperture of the shell. Coming alternately from both halves of the last volution, 
they are interrupted by a narrow, smooth zone along the external part, with the 
exception of the last three ribs, which close together. 

All the specimens differing somewhat from each other in their external shape 
and ornamentation, but being linked together by the agreement ol all characters of 
importance, they an- to be regarded as varieties of one species. 

Dimensions. 

Pig. 1. Fif. 8. Tig. 3. 

DUuwterof lb. »hell 48 6 Dm. 60 mm. 62 mm. 

„ „ ombiliem 6 „ fi ., 0 „ 

ll*i(tht of the / »»Kive the ombiticnl suture . . 25 „ 315,, 3d „ 
'»»! vota'li n I ., „ preceding whorl . 14 „ SO „ M „ 

IUAmm of the liut volaticn . . . . 23 . „ 20 „ 23 6 „ 
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Sutures. — Not known. I lxave entirely failed in discovering any trace of 
septa. It is consequently impossible for mo to docide whether my specimens are 
yet entirely chambered or provided with parte of their body-chambers. E. v. 
Mojsisovics declared his type-specimen of J. Kastneri to be a chambered nucleus, 
but was obliged to state that its sutural line was not known to him in detail. 

Remarks. — Although the establishment and limitation of the present specie* 
offer considerable difficulties on account of its individual variability, I consider the 
specific identity of the three figured examples as sufficiently well established by 
their agreement in all characters of importance. The species is so closely allied 
to the European Juoacites (Griesbachites) Kastneri, that I have not thought it 
appropriate to introduce a new specific denomination, although the question of 
identity cannot be decided without a thorough knowledge of their sutural lines. 

Among Himalayan species Griesbachites Hanni v. Mojsisovics (Himalayan 
Foss., Vol. Ill, Pt 1, p. 39, PI. X, figs. 3-5) from the upper Daonella beds of the 
Bambanag cliffs and of Lauka might bo taken into consideration for a closer 
comparison. Of this interesting species specimens more or less fragmentary only 
are, unfortunately, known to us. But, as we may judgo from the beautiful illustra- 
tions given by E. v. Mojsisovics, the large size of the umbilicus seems to be a 
remarkable feature of distinction. In the ornamentation the two species resemble 
each other very closely, although marginal tubercles seem to be developed more 
numerously in G. Hanni. On the outer volution an alternation of the marginal 
tubercles occurs by the swelling of each second rib along the marginal shoulder. In 
some fragments even marginal tubercles occurring regularly on each rib have been 
noticed. 

The Tibetan species from exotic block No. 2 cannot, therefore, be united with 
G. Hanni from the triassio belt of the main region of the Himalayas. 

0KIE8BACHITBS PSEUDOHEDLEYAKCS nov. sp. PI. VII, figs. 1, 2; IX, fig. 7. 

1W8. Junatil,. (Orit.baekilet) iMltyoHH, (Stolicitu) A. T. Krmfft, Mem. Gtol. Sort, of Indii, Vol. 
XXXII, Pt, 3, p. 143. 

There seems to exist a similar relationship between this species and Griesbachites 
Medleyanus Stol. from the upper trias of Spiti as between G. cf. Kastneri and 
G. Hanni v. Mojs. They are, indeed, very closely allied, and their identification was 
only a slight mistake of A. v. Krftfft's, which is easily understood if we consider 
that the sutural line of his Tibetan specimens was not known to him. 

Two well-preserved examples of large size are before me. In the smaller one 
(fig. 2) one quarter of the last volution belongs to the body-chamber. In the 
larger specimen (fig. 1) I have not been able to discover any trace of septa, but 
from its size and sculpture we may assume that at least one half of the last volution 
forms part of the body-chamber. 

In their external shape both specimens agree exactly with the type-specimen 
of Grietbachitet Medleyamts Stoliczka (Mem. Geol. 8urv. of India, Vol. V, p. 5#, 

o8 
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PI. IV, tig. 5) as figured anew ami redescribel by E. v. Mojsis ivies (Himalayan 
Foss. Vol. Ill, Pt. 1, p. 33, PI. X, fig. 2). The whorls overlap one another 
up to the rounded umbilical margin, and are higher than wide. Tho lateral 
parts are gently curved and pass into the regularly rounded siphonal part 
without the intervention of aQy marginal shoulder. The umbilicus is deep, bat 
very narrow. 

In contrast to the faintly marked lateral ornamentation of O. Medleyanu* the 
sculpture is strongly devoloped in the present species, and not restricted to the 
chambered portions of the shell. In my smaller specimen it is continued as far as 
the aperture, although with diminishing strength, wh>;reis in the larger example 
(fig. 1) the lateral parts in the anterior half of the last volution are nearly smooth. 

The sculpture consists of numerous broad and low folds, which are of an 
approximately radial direction, not sigmoidal as in G. Kastneri or in G. Ranni. 
The majority of ribs arc dichotomous. In the smaller spicimen thay are inter- 
rupted along the middle of the external part, alternating distinctly on the two 
halves of the shell. In the larger specimen, where the ornamentation on both 
sides of the last whorl corresponds pretty well, a largd number of tho ribs are 
not interrupted, but closing together on the siphonal are*. 

Fourteen marginal tubercles are counted within the circumference of tho list 
volution in my smaller specimen. They are already developed at the begianing of 
the last whorl and, consequently, arc not c mfincd to the body-chamber. Wh.'ther 
or not this has also beca the case in the larger spjeinea cannot be decided, but 
there is no doubt that in the latter the development of marginal tubercle* sets in 
at later stages of growth only, the posterior quarter of tho last volution baing 
still free from any marginal sculpture. In this specimen the marginal tubercles 
attain very considerable dimensions, swelling out into high and elongated " ears '* 
in the vicinity of the aperture. In my smaller specimen tho tuberc.es in tho 
anterior portion of the shell arc also distinguished by their remarkable s ze. 



Dimensions. 

Yig. 1. Fig. 2. 

DUflMttf of the .iiell 132 mm. 113 ram. 

„ „ „ umbilical ...... 9 M 7 ,, 

HcigV.t of thf ( above tb« umbilical tutur* . . . 67 „ 61 „ 

lut rolatiou l „ „ preceding wb irl . . 40 „ 82 „ 

Thickneti of tbe la it Yulution 61 „ 66 „ 



Sutures.— The sutural line, as far as known, differs remarkably from that in 
G. Mtdleyanus and bears a greater similarity to tho sutures of Amtomilet than 
to the group of Juvacites interrupts The main saddles are not as narrow and 
slender as in G. Medleyanvt, but rather broal and of nearly equal height. The 
second lateral saddle is provided with three large lateral lappets on its u nbilioal 
slope. The third lappet is separated from the preceding one by a deep incision, 
which might be considered eventually as a rudimentary auxiliary lobe. The 
actual auxiliary lobe terminates in two sharp points and is followed by a large 
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auxiliary saddle. Thus the second lateral saddle and the auxiliary series are united 
into a sort of suspensive lobe. 

A similar intimite connection of the second lateral and auxiliary saddles is 
noticed in several spaces of Auatomltea, especially in A. Bacchus v. Mojsisovics 
(Cephalopoden der Hallstaetter Kalke, Abhandl. K. K. Geol. Reichsanst. VI-2, p. 
143, Taf. LXXXVII, fig. 20) or in A. Philippii v. Mojsismci (1. c. p. 128, Taf. 
LXLUI, fig. 8). 

This difference in the oharaoter of the sutural line justifies a specific separation 
of the present form fro u GrieabachHes Meileyanut. 



Griesbacuites nov. ap. ind. PI. VII, fig. 7. 

The generic position of the only specimen available for examination cannot be 
fixed with full certainty. This speoimeo, which is incomplete, badly preserved, 
and somewhat distorted by pressure in the rocks, belongs to an undeterminable 
species, which seems to ho related to the group of Juvacites continui. All lateral 
ribs cross the external part without any interruption. On the other hand they 
are not forked three or four times, as in the Alpine representatives of the group of 
Jucavitea continui, but are only dichotomous. Simple, intercalated, and forked ribs 
occur in almost equal numbers. This is a kind of sculpture which reminds 
us more strongly of the group of Grmbachites Hanni than of Juvacites a. a. In 
the vioinity of the aperture tracas of marginal tubercles arc noticed, but so indis- 
tinctly that their presence coull not be ascertained. 

I have provision-illy referred this specimen to the subgenus Griesbaohites. 
Provided this determination were correct, it should certainly be considered ns a 
new species, although, on account of its incompleteness, it is preferable to refrain 
from the imposition of a new specific name. 

Dimensions. — Not measurable. 

Sutures.— Not known. 



Suhgen. : Anatomitss v. Mojsisovics. 

Anatomites sp. ind. aff. Camilli v. Mojs. PI. VII, fig. 5. 

A singlo specinun consisting of air-chambers only agrees pretty well in its 
outlines and sculpture witli Anatomites Gamilli v. Mojsisovics (Cephalopoden der 
Hallstaetter Kalke, VI-2, p. 103, Taf. XCI, fig. 3) from the caroie Hallstatt lime- 
stone of Aussoe. 

The shell is of very globose shapa, more strongly inflated than in A. Camilli, 
and is provided with a robust sculpture. In the vicinity of the umbilicus the 
number of broad and coarse stem-ribs is comparatively small, but towards the 
marginal shoulders their number increases considerably by bifurcation, which is 
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repeated in such ribs as precede the deep paulostomc furrows. These paulostome- 
furrows are turned forward more strongly than the normal intercostal valleys, which 
are directed radially. 

Three paulostonie-furrows are counted within the circumference of the last 
volution. This is probably also the normal number of paulostomea in A. CamilH, 
the posterior part of the lait volution having been so considerably injured in 
the Alpine type-specimen that the presence of a third paulostome could not he 
ascertained by E. v. Mojsisovics. 

Tbo ribs are not arranged symmetrically to the median plane of the shell, 
although an exact correspondence in all details does not exist. They cross tbe 
sipboual part without any distinct interruption, but some of them are turned 
very low at the place where they meet from both sides of the shell. 

Dimensions. 

Diameter of the .hell 29 mm. 

„ „ „ ombiliene 3 ,. 

Height of the t above the ombitir»t tature 166 „ 

bet volution I „ „ preceding whorl 8'5 .. 

Thick mm of the lut rotation 24 ,. 

Sutures. — Not known. 

Remarks — Although this speoimen agrees very remarkably with Anatomites 
CamilH in its sculpture, especially in the division of ribs and in their arrangement 
in reference to the- paulostome-furrows, I dare not venture on an identification on 
account of its more strongly inflated shape. Among the numerous species of 
Anatomites from the upper-triassic rocks of Sicily, as described and figured by 
Gemmellaro, there is none which might put in a claim for a closer comparison. 

Anatomites sp. ind. ex aff. Heskici v. Mojs. PI. VII, fit;. 9. 

Tltis species may be looked upon as a Himalayan representative of the Alpine 
group of Anatomites Bacchus v. Mojsisovics (Ccpbalopoden der Hallstaetter Kalke 
1. c. VI-2, p. 148, Taf. LXXXVI, fig. 73 LXXXVII, figs. 14-21). It is closely allied 
to this form or perhaps still more so to A. Eenrici v. Mojsisovics (1. c. p. 146, Taf. 
LXXXVIII, figs. 11, 12), agreeing with the latter not only in the absence of any 
distinct sculpture, but also in the compressed shape of its transverse section. 

From Anatomites Bacchus, and from its Indian representatives in the Tropjtes 
beds of Spiti which have been illustrated on PI. XIV, figs. 6, 7, of the third part of 
Vol. V of this series, it differs by its narrow whorls, which are but slightly thicker 
than high, nnd by the absence of any keel-like elevation in the middle of the 
regularly rounded siphonal part. An identification with either Jovites or IscuWes 
is at once excluded on account of the absence of an expanding umbilicus. 
Although the general shape might at first suggest an affinity of our species with 
Arcestes rather than with Anatomites, the arrangement of the sutural line proves, 
it to be a representative of tbe family of Juravitirtte. 
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Tho cast of the nucleus being strongly weathered, no traces of ornamentation 
have been noticed. 

Dimensions. 

Diameter of the abelt 35 mm. 

„ „ „ umbilieni . «b. „ 

Heigbt 0 f the j»lw»otb« umbilici mture 19 „ 

latt volution i „ „ prec»diDg whorl 8 „ 

Tbieknw of the lot volution 81-6 „ 

Sutures. — As far as known, exhibiting the general characters of the sutural 
line in the genus Jucavites. Details not accessible to examination. 



Ajutomites sp. ind. ex aff. ckassbplicato v. Mojs. 

A fragmentary east, unworthy of illustration, belongs to a large speoies of 
the subgenus Anatomites, which reminds us of A. crassepliwtus v. Mojsisovics 
(Cephalopodender HalLstaetter Kalkc 1. c. VI-2, p. 139, Taf. XCIV, figs. 6-10) 
from the carnic Subbullatus beds of the Salzkammergut, on account of its globose 
shape and of its broad folds which are restricted to the outer lialf of the shell and 
are separated by narrow intercostal furrows. Two low paulostome- furrows are 
noticed in the vicinity of the aperture, exactly as in the Alpine specimen of 
A.erasseplieatus illustrated by E. v. Mojsisovics in fig. 10 on PI. XCIV of his 
memoir. 

With this specimen our fragment agrees in its size, but it docs not possess an 
expanding umbilicus. 

Gen. : Gosiosotites. Gemmellaro 
Gonionotitbs cf. M ALicos Genimellaro. PI. IX, fig. 9 ; V, figs. 6, 7. 

1904. OonionotHt* italic** 0*mm«l]aro, I ecfalopoli d«l Mm »op«riort d<IU region occidental* Mil 
Sicilia, p. 158, T«t. V, fg.. 6, 7 ; IX. fig*. «, 7 i XXI, figa. 4-6 ; XXX, fig. 8. 

This species is represented by two inner nuclei (PI. V, figs. 6, 7) and a larger 
fragment in which the h-i septum it situated close to the aperture. That the 
two nuclei aud the larger specimen do really belong to the same species is obvious 
from a comparison of the inner whorls of the latter, which agree in every respect 
with the figured nuclei. 

The inner volutions are strongly compressed, disooidal, with a high and narrow 
oordiform transverse section. The small umbilicus is surrounded by n steep w all 
and separated from tho literal parts by a rounied-off margin. Tho greatest trans- 
verse diameter coincides with the umbilical margin. From this place the flattened 
sides converge very gradually towards the siphonal part, which is regularly 
rounded. 

Tho sculpture consists of numerous sigmoidal folds, which are doveloped more 
strongly in the vicinity of the marginal shoulders than in the umbilical region. 
They arc either simple or dichotomous. Exceptionally a first bifurcation is noticed 
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at a point about one-third of the height of the whorl, and a second one near the 
marginal shoulders. The ribs are interrupted along the middle of the external 
part. 

In the two nuclei the ornamentation becomes gradually obsolete in the vicinity 
of the aperture. Constrictions or paulostome ribs have not been noticed. 

In the larger fragment, which consists of an inner nucleus and the six last 
air-oharnbers preceding the bodychambor, the ornamentation of the test has been 
completely obliterated. At the same time the transverse section becomes high and 
very strongly compressed. The external part is sharpened into a steeply rounded 
and narrow ridge. The inflation of the shell in the vicinity of the poristome, as it 
has been described in the type-specimen of Gonionotites it aliens by Gonimollaro, 
could not be noticed in this fragment, whos aperture is situated immediately in 
front of the last septum. 

Dimensions. 

Larger fragment. Inner nucleus. 
It IX. 6g. 0. PL V, fig. 6. 

Dinmeter of the etull p SO mm. 

„ „ m umliliens ..... P 2'6 „ 

Height of the ( aboTo the nml>i!ie»l raturo . . 16 mm. 17 „ 

Uat volution I „ „ pieeeding whorl . . 32 10 „ 

nithUM of the kat volotiiQ .... tt*C ■, 18 >• 

Sulures. — There are five saddles outside the umbilical suture, but the two 
auxiliary saddles could not be examined in detail. 

Siphonal lobe broad and nearly as deep as the principal lateral lobe. It is 
divided by a broad and pyramid-shaped median prominence, whose apex is flatly 
rounded and accompanied by a small indentation on each side. The median promi- 
nence does not reach half as high as the siphonal saddle. 

Principal lateral lobe deeply serrated, terminating in two sharp points which 
are separated by a median indentation. Second lateral lohe considerably shorter, 
ending with an elongated terminal point, with lateral digitations arranged sym- 
metrically on each side. Saddles provided with distinctly individualized, folia- 
ceous branches, especially the siphonal saddle, which is bipartite at its top, the two 
apical branchos boing subdivided by secondary incisions. The two lateral saddles, 
which are also richly ornamented, have their apices divided asymmetrically, the 
external phyllum exceeding the internal one in siae and height. 

The sutures do not agree in all their details throughout the chambered outer 
volution of tho fragment illustrated, but show some variations, which may, 
however, be attributed to an accidental difference in the weathering of the surface 
of tho cast. 

Remarks.— This Himalayan species agrees so closely with Gonionotites italicus 
Qemm., that in a better and more complete state of preservation of the larger 
specimen at hand I should not have hesitated in venturing on a diroct identifica- 
tion. The difference in the details of the complicated sutures is so slight that 
they can scarcely be considered as distinctive features of specific importance. 
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CEEATITOIDEA. 
Fam. : MNAR1TIDJB v . Mojs. 
Gen. : Tibktites v. Mojsisovics. 

3HOTBN8IS nov. sp. PI. VI, fig. 5. 

The figured •pecimen, tolerably completely preserved, is an adult individual, 
more than one-third of its last volution belonging to the body-chamber. The 
shape and sculpture of the body-chamber agree exactly with those of tbe cham- 
bered parts of the shell. Thus tho reference to Tibetitea a. 9. is justified. The 
complete absence of any notohings in the external ears distinguishes our species 
from the genus Cyrtopleuritea, to an Alpine representative of which it is otherwise 
nearly allied. 

Among the hitherto described Himalayan species of Tibetitea the nearest 
allies to the present one are T. BycUli v. Mojsisovics (Upper-triassic faunas of tho 
Himalayas, Palawmt. Ind. ser. XV, Himal. Foss., Vol. Ill, Pt. 1, p. 77, PI. XV, 
figs. 3, 4) from the Halorites limestone of the Bambanag cliff, and a second 
unnamed species from the upper Daonella beds of the same locality, which differs 
from the preceding one by being more delicately ribbed and therefore ornamented 
more richly. 

The chief difference from T. RycUli consists in the entire absence of any 
lateral tubercles. The stem- ribs are broad and bifurcate at a point situated 
below the middle of the height of the volution, but the point of bifurcation is not 
marked by any swolling of the ribs. There are only two rows of tubercles, one 
of them corresponding to tho marginal shoulders, and the second consisting of largo 
external ears. The marginal tubercles are small, of circular outlines, not elongated 
spirally. The number of intercalated ribs in the upper half of the sides is very 
small. Two marginal tubercles correspond, as a rule, to one primary stem-rib. 

In its general shape this species agrees very nearly with Tibetitea Ryalli 
v. Mojs. and with Cyrtoplcuritea Herodoti v. Mojsisovics (Cephalopoden der Hall- 
staetter Kalke, L 0. VI-2, p. 518, Taf. CLVIII, fig. 10). The whorls overlap 
one another almost completely and arc strongly compressed, the transverse 
section being considerably higher than broad. The umbilicus is comparatively 
wide. The narrow and slightly depressed mesial band, which is enolosed within 
the external ears, undergoes no change from the beginning up to the aperture of the 
last volution. 

Dimenaione. 

DUuitter of the .hell 39 mo. 

„ „ „ ombilktu ......... 4'5 , 

Height of Uw fubov* lb« umbilical future ...... 22'fi „ 

kit rotation I » ,, preceding whorl 17 ,, 

ThicknOTi of the hut rotation 14 „ 
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Suturei.— Not known in detail. A more exact characterisation is not possible 
on account of the defective preservation of the sutural line. 

NAUTILOIDEA. 



Fam. : ORTUOCSSATISS. 



Gen. : Orthoceras Breyn. 

Orthocisba8 div. sp. ind. 

A few fragmonts of Orthocerai, unworthy of illustration, are only sufficient to 
determine the genus. There are at least two species present. The fragment of a 
large body-chamber, with parts of the striated shell adhering to the cast, belongs 
to tho group of Orthocerata striata. The majority of isolated air-chambers 
belongs to a species of the group of 0. lavia. Their dimensions and the small 
angle of divergency remind one of Orthoceras triadicum v. Mojsisovics (Cephalo- 
poden der llallstaetter Kalko, 1. c. VI-1, p. 4, Taf. I, figs. 2, 3), but their incom- 
plete state of preservation renders them unfit for specific determination. 



Fam. : CL YDOXJ I TIL IDJS v. Mojs. 



Gen. : Proclydonautilus v. Mojs. 
Proclydonautimjs triadicos. v. Mojsisovics. PL I, fig. 1. 

1S73. ffimtfte fftafifw E. r. Moj.Uoric Ophiloi»Uu d«r H»0,U«i« K.Ik*, I.e. VU, p. 87, T»f. XIV. 
If*. 1-4 

llh'S. Prjclf\td*a*tiliit trU-hcut t. Moj»i*0Tic«, ibidem, Supplomfn'.W. p. 209. 

190*. C1$ if<MMfffaf IrMwM OommelUro, I wfalopodi del tri«« »«p. JrU» wgiino occid. dell* 8ic'li*, p. 7. 
PI I. fig*. 14. 16. 

1904. Pr.wV/j*!./!/.. In'jJif., P. Saitb, Comp.i»UM rtratijcr-phj of th« mwin. of Wwten 

Anxric. Pro<**d. Clifoini. A«d, of Soieocw, 3d »«r. Vcl. 1, p. 401. Pi. X LVII, If.* 

HV4 Pr.:> fo,i./,7.,rnj^„Hf.tlel gait*. Tii»aic o*pk»lopod |WB cf Aacrir*, U. a Goal. 
S«t. Profet*. P»p.-r* Xo. H\ p. 20<>, PI. XLIX, S s -«. 1-3 ; L. fig*. 1-17. 

The only specimen available for examination ^agrees so closely with the type- 
speoiiuen of 'proclyihnautilut triodicus from the cirnie Hallstatt limestone of the 
Salzkanimenrut, that a direct identification cannot be avoided. 

My spoeimen is of moderate *ire. and provided with the beginning of the 
body-chauiber. It has slowly inerea^im* whorls which overlap one another 
completely, and a closed umbilicus. The transverse section is ovoid, the flatly 
curved lateral parts passing into the steeply rounded external part without inter- 
vention of any marginal shoulder. The aperture is of equal height and width. 
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The shell, which has bean proservel entirely on one side of the last volution, 
is smooth, without any trace of a longitudinal or transverse sculpture. Not even 
strite of growth have been noticed. 



Dimensions. 



Diameter of the .hell 43 mm. 

umbiliciw 0 „ 

Height of the r»bore the umbili ci Mitore 27 

lut rotation t „ „ ptvoedlng whorl . . .... 19 ., 

Thiekn-fs of the last volut ion ......... 'J7 ,, 



Sutures. — The septa are situated very eloje to each other, especially those 
preoeding the last septum, the lateral walls of the saddles evon touching one another 
oocasionnlly. 

8i phonal lobe small and narrow, not divided by a median prominence. Lateral 
lobe broad, deep, and tonguc-shap?d. A small umbilical lobe follow* outside the 
large and regularly rounded lateral saddle 

Siphuiwlc. — Not known. 

Remarks. — The specimen of Proclydonnnlilus from the carnic stage of Castro- 
nuovo in Sicily, which has been identilied with P. tHadicus by Ocmmellaro, differs 
slightly from the Alpine and Himilayan examples of this species by its whorls 
increasing still more slowly. But as it agrees with them in the remaining charac- 
ters, especially in the arrangement of the sutural >ine, there is no sufficient reason 
for a specific separation. 

The specimens from the Suhbullutus beds of California, as described and illus- 
trated by J. Perrin Smith, seem to agree with the Alpine type as closely as my 
Himalayan example. 

Proclydonaulilus triadicw must bo counted among the most wide-spread 
cephalopoda of the carnic stage, being almost universally distributed throughout 
the triassic sens. 

* • • ■ 

Pboclydonatjtiu's BTDDiiAicirs nor. sp. PI. I, figs. 2, 3, 7. 

This species is very nearly allied to Proclydmaulilus Griesbarhi v. Mojsiso- 
vics (Upper-triassic faunae of the Ilim'tlayns, Pal. Ind. sor. XV, Himal. Foss. 
Vol. Ill, Pt. 1, p. 123, PI. XX [I, fig. 1) and to P. Qriesbachiformis Di<ner 
(Fauna of the Tropitn limestone ibii, Vol. V, Pt. 1, p. 15, PI. XVII, fig. 2). 

My type-specimen, which is provide I with its body-chamber, attains large 
dimensions. It is strongly involute, provided with a very small umbilicus and 
with high, laterally oompressed whorls. The inflated siphonal part is separated 
from the converging lateral parts by distinot marginal shoulders. In the inner 
volutions these shoulders form sharp angles, which arc slightly elevated above the 
general convexity of the shell. These acute rims, which recall the blunt keels 
in Noriies, mako their appoarancje at an early stage of development. At the 
beginning of the last volution the elevated sharp rim is reduced to an acute edge, 

h 2 
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which passes gradually into a rounded angle. Near the aperture this broadly 
rounded angle forms the boundary of the external part, which is inflated still 
more strongly than in the adolescent stage. 

This mode of development is just tha oontrary of wuat is seen in P. Orieibachi 
v, Mojs. In P. Griesbachi tha ianar volutions possess a regularly cordiform trans* 
verse section, their inflated external part merging into the side* with a continuous 
swelling, without even the indication of an angle. It is only in later stages of 
growth that angles are developed, which are most oonspiouous in the vicinity of 
the aperture. In its developmental features our species agrees hotter with P. 
Qrieabachtformia from tho Tropites Hmoitoae of Byans, which is also distinguished 
by the presence of sharp marginal angles at very early stages of growth. But in 
this species tho elevated keel-shapod rims persist also in the gerontic stage. 

Another featuro of distinction between Proclydonautilua buddhaicua and P. 
Grieabaehiformia is the shape of the transverse section in the sipbonal region. In 
P. buddhaieut the siphon il area is strongly inflated, whereas it is depressed and 
even deeply excavated between the marginal keels in P. Gri eabachiformit. Other- 
wise the transverse section is very similar in both species. The lateral parts 
regularly oonverge from the placo where the shell reaohes its greatest transverse 
diameter, *. e. t from the vicinity of tha umbilical margin. There is no umbilical 
edge present, but the flanks desoen l in a strongly beat cunre from the region of 
tho greatest inflation to the umbilical suture. 

The sculpture of the test oonsists of delicate transverse stria? which are 
approximately parallel to the sep ta. 



Diameter of the thell 110 mm. 

m m ,i umbilicw • «»••••■ 6 l( 

Height of the ) above the umbilical eotore 76 „ 

lart -olution 5 .. preceding whorl 62 , 

Thickntt. of the but -olotion 67 „ 

Siphuncle — In the last air-ohambers the orifice of the siphuncle is situated 
above the middle of the distance betwoen the external parts. 

Suturea. — Agreeing with those of P. Gricabaohi. Sipbonal lobe not divided 
by a median prominence. 

Bemarka.— There seems to exist a very near affinity between Proclydottautilua 
buddhaicua and the American genus Coamonautilua Hyatt et Smith (Triaasio 
oephalopod genera of America, U. S. Qeol. Surv. Prof. Pap. No. 40, p. 207). The 
typical species, Coamomutilut Dilleri (1. c. p. 207, PI. LI, fig. 1 ; L1I, fig. 1 ; LIII 
figs. 1, 2 ; LIV, figs. 1-4 ; LV, figs. 1-11) develops marginal edges at a very early 
stage of growth, but these edges become adorned with tubercles, until the shape and 
sculpture are very like those in Metacoceraa Hyatt. At the diameter of 36 mm. 
the tubercles become obsolete and the marginal shoulders lose their angularity. 

Having succeeded in chiseling out the inner nucleus of a second specimen of 
P. buddhaicua with a diameter of 25 mm., I could ascertain the entire absence of 
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any marginal tubercles. This species does not, therefore, go through a Metac<h 
ceras stage, as does Coamonautilus. The absence of Jftf/ac<wera*-characters in tho 
young stage, and the persistence of marginal edges into more advanced stages of 
growth — they do not become obsolete, before a diameter of 55 mm. has been reach- 
ed—distinguishes our Indian shell from Cosmonautilus, which, according to the 
present stage of our knowledge, is confined to the American trias. 

P. Smith has suggested that Clydonautilus biangularis v. MojsisoTios (Hima- 
layan Foss., L o. Vol. Ill, Pt. 1, p. 121, PI. XXII, figs. 2, 3) from the Haloritca 
limestone of the Bambanag section might belong to his genus Cosmonautilus, " as 
may also some of the Europoan species assigned by E. v. Mojsisovios to Olydonau- 
tilus." But with this view I cannot agree, because the two forms differ widely by 
their mode of development. Toung specimens of Clydona tUus biangularis have 
a rounded si phonal part. The two marginal angles, which are not combined with 
any tubercles, make their appearance simultaneously with the flattening and in- 
dividualisation of the external area only at a diameter of about 16 mm. Even in 
old ago the external part remains flattened and is not inflated. 

Gen. : Styrionautiltjs v. Mojsisovics. 

Stybiohautimjs nov. sp. ind. PI. II, fig. 1. 

Of this interesting species only a single, fragmentarily presorvod oast of the 
body-ohambcr has been found, with the last air-ohamber and a small part of the 
inner nucleus adhering. The reference to the genus Styrionautilns v. Mojsisovios 
has been established with full certainty, the siphonal saddle having been observed 
crossing the external area without any indication of a siphonal lobe. 

There is no species to which the present one appears to be nearly allied. 
From the Alpine representatives of tho genus Styrionautilus it is distinguished by 
the biangular shape of its cross-section and by its very high and strongly compressed 
whorls. In the inner volutions the sides converge from the place of the greatest 
inflation outside tho deep umbilicus towards the narrow external part in a very 
flat curve. The siphonal area is truncated and bordered by sharp marginal angles. 
In the body-chamber these marginal angles become obsolete, and the flanks pass 
gradually into the external part which is no longer truncated but steeply rounded. 
The deep umbilicus is surrounded by a perpendicular wall whioh unites with the 
lateral parte in a sharply rounded edge. 

Dimensions.— Not measurable, on account of the defective state of the figured 
specimen. In the body-chamber a height of the last volution of 49 mm. corre- 
sponds to a transverse diameter of 29 mm. 

Siphuncle. — Elongated elliptically in tho direction of the radius. Its position 
is approximately central in the last air-chamber. 

Sutures. — The siphonal saddle crosses the external area in a straight line 
which is not interrupted by any mesial depression. The present species is therefore 
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a typical representative of the genus Slyrionzutilus, in the suture? of which 
no transitional stage is marked to Proclt/donautiliia or Clydanautilus. The deep 
lateral lobe is tongue-shaped, as in Styricnautilus ttyriacua v. Mojsisovics 
(Cephalopoden der Hallstaetter Kalke, Abhandl. K K. Geol. Reichsanst. VM, p. 
27. Taf. XIV, fig. 7) or in St. Sauperi v. Hanor. It i* followed by a large 
lateral saddle and by a rounded umbilical lobe. An internal or annular lobe has 
not been observed. 

F. i m . : OR TPO.XA V TI I. ID As. 
Gen. : G':ypocekas Hyatt. 

■ 

Grypoceras suesmiforme nov. so. PI. X, fis. 1. 

This is a very interesting species, recalling GryponautUut Suetrii v. Mojsiso- 
vics (Cephalopoden dcr Hallstaetter Kalke L c. VI-1, p. 26, Tof. VI, fig. 11, 
Taf. XIII, fig. 2), but distinguished by its wider sipboual area and by the persist* 
enre of an open umbilicus in advanced stages of growth. 

There is only one specimen available for examination. It is a east, with 
some fragments of the shell adhering to the siphonal and later.il parti. More 
than three-quarters of the last volution consist of air-chambers, As the beginning 
of the body-chamber has been preserved, the complete example must have been 
considerably inferior in size to full-grown specimens of G Suestii. 

In its shape, sculpture and suture? the figured specimen is very similar to 
G, Suettii. The whorls are very thick, their transverse section being twice as 
broad as high. The greatest transverse diameter is situated in t'ie lower third of 
the lateral part«. From this place the strongly inflated flanks converge both 
towards the abdominal and umbilical margins. The external area is broad, gently 
arched and separated from the lateral parts by sharp edges, which are ae-coinpaniod 
by a row of small, spirally elongated, very low and blunt tubercles along their 
external slo;>es. About 25 tubercles are counted within the circumference of the 
last volution. 

The width of the external area is considerably larger than in G. Suestii. In 
my type-specimen an external area of 18 mm. in width corresponds to a transverse 
diameter of 37 mm , whereas in the Alpine species the respective proportions are 
as 12 5 to 31 or as 21 to 67 mm. Another feature of difference is the flattened 
shape of the external area in QrypvianUlm Suestii, whereas it is slightly convex 
in the Himalayan species. 

The umbilical margin is steeply rounded and is bordered by a perpendicular 
umbilical wall. The umbilicus is comparatively wide, wider than in the smaller of 
the two Alpine type-specimens of G. Suestii, illust rated by E. v. Mojsisovics, which 
consists of air-chambers only. As the beginning of the bedy-charalier lias been 
preserved in my Himalayan example, the umbilicus cannot have been closed, as 
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in full-grown specimens of G $ues»i/. The present species must consequently be 
groupod with the genus Orypocertu s. «., not with the subgenus Qryponautilut 
v. Moja. 

The lateral parts of this species exhibit the delicate transverse sculpture 
which has been described in Grgpoftautilus Siuestii by E. v. Mojsisovics. It 
consists of sharp, cresoentio ledges with their convexities turned forward, which 
originate in the blunt tubercles of the marginal edges. 



Dimemions. 

Diameter ot the shell . . . .46 ram, 

., „ umbilical ..... 6'6 „ 

Height of tho ( ,d 

Thicknt. of th« l»t I 



V : 



Sutures.— Agreeing with those of O. Suesiii. External saddle divided by a very 
flat lobe. Lateral lobe gently curved and followed by an equally flat lateral saddle. 
Siphuncle— Sot known. 



Fam. : TE&1N0C HE I Lib AS. 

Gen. : Mojsvarocebas Hyatt. 

Mojsvarocebas sp. ind. ex aff. Tuunbri Hyatt et Smith. PL I, fig. i, 

This is a single fragment of the outer volution of a Nautilus consisting of 
four air-chambers and of the beginning of the body-chamber. It was strongly 
evolute and provided with little embracing whorls aud with a wide umbilicus. 
The transverse section is subquadrangular and considerably wider than high. The 
lateral parts are flattened and separated from the steep umbilical wall by a 
sliarply rounded margin and from tho gently curved siphonal area by acute 
abdominal edges. 

Surface nearly smooth, but ornamented with two rows of faint tubercles 
outside the umbilical margin and on the abdominal edge. 
Dimension*. — N o t m easurable. 
Siphuncle. — Below the centre of the whorl. 

Sutures.— Septa very simple, slightly sinuous, with very shallow siphonal and 
lateral lobes and with a broadly curved external saddle. The presence of an 
internal annular lobe could not be ascertained. 

Remarks. — This species is more nearly allied to Mojscaroceras Turner* Hyatt 
et Smith (Triassio cephalopod genera of America, U. S. Qeol. Surv. Prof. Pap. 
No. 40, p. 209, PI. XLV1II, fig*. 6-11) from the Tropites beds or California, 
than to any of tho Alpiuc forms. A more detailed comparison is, however, 
difficult, on account of the incomplete state of preservation of both the American 
aud Himalayan types. 
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Dl BRANCH I ATA. 

Fam.: BELBMN1T1DA. 

Gen. : Atractites Guembel. 

Atbactites sp. ind. 

A slab of rock contains numerous fragments of rostra, which are perfectly 
smooth, without any ribs or furrows. They are elongated, with a circular trans- 
verse section. The lumen of the funnel does not change throughout the entire 
length of the rostrum, as far as known. 

Among my materials there is no example fit for illustration nor for a specific 
determination . 

Gen. : Dictyoconites y. Mojsisovics. 

Dictyocoxites sp. ind. ex aff. Hatjeri v. Mojs. PI. II, fig. 2. 

The genus Diciyoconitet, as introduced by B. v. Mojsisr>rics, comprises such 
forms of Aulacoeeratince, in which the conotheca of the phragmacone is ornamented 
externally with numerous raised longitudinal lines and with delicate asymptotio 
ribs, which in the guard or rostrum correspond with deep dorso-latoral grooves. 

Among the materials available from the triassie limestone of exotic block 
No. 2 there is a fragment of the phragmacone of Dictyoconites, with a short part 
of the surrounding guard. It cannot serve for the establishment of the species, 
although it seems to indicate a form of the group of D. ttriati, nearly allied to 
J). Haueri v. Mojsisovics (Ccphalopoden der Hallstaetter Kalke, L e, VI-1, Sup- 
plemeutbd. p. 187, Taf. XIV, figs. 15, 16) from the carnic Hallstatt limestone 
of Aussee. 

The divergent angle of the phragmaoone is very small. The conotheca, which 
has been partly preserved, is ornamented with numerous and delicate longitudinal 
stria;, among which the asymptotic strise are not remarkable in any way, cither 
by their strength or by their position. They can only be recognised near the 
beginning of the calcareous sheet of the rostrum, where deep dorso-lateral furrows 
are noticed. 

The transverse section of the phragmaoone is elliptical. A section through 
the apical region of the phragmacone together with the surrounding guard shows 
the deep dorso-latoral furrows shifted towards the flattened antisiphonal side. In 
the conotheca of the phragmacone no transverse ornamental ion has been notioed. 
Both in this absence of a reticulate sculpture and in the slender shape of tho 
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phragmacone the illustrated fragment agrees better with Dietyocomtei Eaueri 
v. Mojs. than with J), reticulata* v. Hauer. 

Notwithstanding its unsatisfactory state of preservation this fragment deserves 
to be mentioned, as it is the first representative of the genus Dictyoconiteg hitherto 
known in the Indian triassic province. 

CONCLUSIONS. 

By far the richest among the mesozoic faunae collected by A. v. Kraff t in 
the district of the exotio blocks in Mali a Johar is that from exotic block No. 2. It 
consists of the following species :— 

(a) lamellibrancMata. 

1. Cattianella tp. ind. 

{b) Gatteropoda. 

2. Loxonema (Polggirina) ef. elegant Hoernee. 

3. Sagana ef. geometrica Koken. 

4. Capulut (Phryx) joharentit nov. «p. 

5. Naticoptit tp. ind. ex off. obvallata Kokeo. 

(c) Ammonoidea. 

6. Claditcilet crattettriatut v. Mojs. 

7. „ ef. Gorgiie Gemm. 

8. „ ef. piuillut v. Moj». 

9. „ tp. ind. ef. eoracit Gemm. 

10. Hypocladiteitet tubcarinatnt Gemm. 

11. „ tubaratut v. Mojs. 

12. Arctttet ef. periolcnt v. Mojs. 

13. „ ef. Riehtkofeni v. Moj». 

14. „ */). ind. off. decipient v. Mojs. 

15. ,, ef. placenta v. Mojs. 

16. Proareeitet Gaytani v. Klipri. 

17. „ tp. ef. Autteanut v. Hauer. 

18. „ (?) tp. ind. ex off Barrandei Lbe. 

19. „ tp. ind. (group of ertralabiati). 

20. Ditcopkyllitet Floweri nov. sp. 

21. Pinaeocerat tp. ind. off. rex v. Mojs. 

22. Placitet ef. perautlut v. Mojs. 

23. Ditcotropitet ef. tandlingentit ▼. Hauer. 

24. Tropitet ef. tnbbullatut v. Hauer. 

25. „ tp. ind. aff. acuta ngulo v. Mojs. 

26. „ tp. ind. aff. Wodani v. Mojs. 

27. Anatropitet ef. tpinotnt v. Mojs. 

28. „ Pilgritnii nov. up. 

89. Margarita irrefularieottatut nov. sp. 

80. Jovilet ef tpeetaiilit Dien. 

81. „ dacifarmit Dien. 
32. „ nop. tp. ind, 

i 
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33. JuvnoiUt Kraffti no?, sp. 

34. „ Bogrann* nov. sp. 

35. „ nov. »p. ind. ex aff. tnlinUrrnpto v. Mojs. 

36. „ nov. ip. ind. (group of continni). 

37. GrictbackiUt cf. Kattneri v. Mojs. 

38. „ Pteudomedleyanut nov. sp. 

39. „ uov, tp. ind. 

40. Anatotnitet tp. ind. aff. Camilli v. Mojo, 

41. „ „ „ ex aff. Henrici v. Mojs. 

42. „ H „ ex aff. cratteplieato v. Mojs. 

43. Gonionotite* cf. italicut Gemm. 

44. Tilelitet biotentit nov. sp. 

(d) NautUoidea. 

45. Orthocerat tp. ind. (group of 0. latia). 

46. „ tp. in J, (group of 0. striata). 

47. Proctydonautilut triadieut v. Mojs. 

48. „ buddhaicut nov. ep. 

49. Stfriouantilu* nov. tp. ind. 

50. Grypocerat tneuiifonne nov. tp. 

51. Mojttaroceras nov. sp. ind. ex aff. Turneri Hyatt et Smith. 

(e) Dtbranchiala, 

52. Atractiten tp. ind. 

53. fiictyoconitet nov. tp. ind. aff. Ilaueri v. Moj«. 

Altogether 53 species— among which the Cephalopoda, numbering 48 species, 
by far predominate, both in specie* aud in individuals. The rod limestone of 
exotic block No. 2 may consequently be termed a cepbalopod-bearing faoies with 
equal reason with the Halorites limestone of the Bambanag range or the Tropitos 
limestone of Byans. In the richness of species it is but little inferior to the 
Halorites limestone, from which 69 species (62 ammonites) have been described 
hitherto by E. v. Mojsisovics and by myself. 

Leaving out of discussion those forms which do not admit of specific deter- 
mination or of a closer comparison with any species hitherto described, there 
remain 45 species. 

The most important fact appearing on a first glance at the preceding list is 
the very large percentage of species neurly allied to European forms. The number 
of faunistio elements peculiar to the Indian triassic province is comparatively 
small. There is only one single genus of exclusively Indian habit (Tibetite$) 
represented in this fauna. A speoial stress must be laid on the very close affinity 
with the carnic faunas of the Alpine Hallstatt limestone, because in none of the 
faunse from the triassic belt of the main region of the Himalayas are suoh affinities 
indicated as clearly and strongly. In all triaasio horizons of the main region of the 
Himalayas which are rich in Cephalopoda species representing typos which differ 
widely from Alpiue forms occur in considerable numbers, whereas in this fauna 
they are of vory rare occurrence. 
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This close affinity of the fauna of exotio block No. 2 with the faunae of 
homotaxial beds in Europe is so much the more important, as the determination 
of its geological age must be based on palaeontological evidence only, the exotic 
block itself exhibiting no stratigraphical connection with the surrounding beds. 

With regard to its general character, the fauna of exotio block No. 2 
bears the stamp of the carnie age so indubitably that it seems to me superfluous 
to discuss its correlation with the carnic Hallstatt limestone of the Alps. There 
is not a single form among the Cephalopoda which might point to either ladinic 
or norio (juvavic) affinities, not evon Tibetitet bhotenm, which belongs to a genus 
appearing already in carnic beds although it reaches its chief development in 
the lower norio stage only. 

It is more difficult to establish a more exact determination of tho geological 
age. An analysis of the fauna shows that it lias relations both with the julio 
and tuviilio fauntB. Tt remains therefore for me to decide whether it should 
be correlated with the zone of Trachycerat Aonoidet (julic substage) or with that of 
Tropitet subbullatm (tuvalic substage). A. v. Krafft, from a cursory examination 
of his fossil materials, has decided in favour of a correlation with the zone of 
Tropitet tubbullatut, but from a detailed analysis we shall loam an almost equal 
distribution of the elements of the two Alpine zones in our Himalayan fauna. 

It will be found convenient to treat the affinities of our fauna with each 
carnic fauna of extra-Himalaynn districts separately, although the palajontological 
evidence must rely chiefly on a comparison with the julic and tuvalio faunae of 
the Alpine Hallstatt limestone. 

The assemblage of genera being almost the same in both zones, we are obliged 
to investigate the spocific affinities of tho Cephalopoda, which by far predominate 
over all the rest of the organic remains. All forms, whioh have not been determined 
specifically hut designated only according to their relationship with Alpine types, 
are of very little service for an identification of the exact geological horizon. For 
this purpose such species only oan be taken into consideration as are either 
directly identical with, or so olosoly allied to, Alpine types that they could be 
referred to such as cf. 

The following species are identical or probably identical with those from the 
Hallstatt limestone which in Europe connect the faunae of the julio and tuvalic 
substages :— 

Loxonema cf. cltga*» Hoern. 
Sagana ef. geometrica Kokau. 
Cl<ulitei(e» crat'tttriatu* ». Mojs. 
Pladtet cf. peraueiu* v. Mojs. 
Ditcotrojiitet cf. tandlingtnti* Han. 
Proelyionautiluii triadicut r. Moja. 

The following species aro identical or probably identical with species which 
in the Alpine Trias are restricted to the julio substage :— 

Claditcittt ef. jwtittu* v. Mojg. 
Arctite* cf. perioien* t. Moje. 

I 2 
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Arect * ef. liicktkofeni v. Mojs. 
Proarcettei Goylani v. Klipst. 

„ ef. Auiteanmt v. Hau. 
Anatropitet ef. *pino*u> V. Mojs. 
GrU*baekite$ ef. Kastneri v. Mojs. 

As elements pointing to a close affinity with the fauna of the tuvalio substage 
of the Salzkammergut, the following two speoies only oan be quoted :— 

Arctfte* ef. placenta T. Mojs. 
Tropitet ef. tub&ullatu* v. Hau. 

Among fifteen species identical or probably identical with Alpine forms, seven 
belong to the julic, two to the tuvalic substago, six are common to both substages. 
It is evident from this proportioa that the greater number of relationships are in 
favour of a correlation with the julio substage. The oircumstance that a species 
referable to Tropitea aubbullatus, the leading fossil of the tuvalio substage of the 
Hallstatt limestone, is represented in this fauna, loses much of its importance, as 
this species is exceedingly rare in the red limestone of exotio blook No. 2, and 
as types allied very closely to T. anbbullatua make their first appearance in the 
julio suhstage (T. Quenatedti v. Mojs ). On tho other band those oarnic elements 
which are most conspicuous for their fecundity in species and individuals, especially 
CladitcUe$, Placites, and Diacophyllitea, are of a rather indifferent habit and do 
not indicate exclusively either julio or tuvalic affinities. 

With the upper'triassic rocks of Sicily the fauna of exotic block No. 2 
has six speoies in common. These are the following :— 

Claditeitet ef. Qorgia Gemm. 

„ ef. eoraeit Gemm. 
Rypodadhcitet tnlcariaatus Gemm. 
GonioHotilet ef. ifalicm Gemm. 
BUcotropite* ef. sandlingenti« v. Han. 
Proelydonautilut triadicus v. Mojs. 

All these species have been found in the carnic limestone of Modanesi (Cas- 
tronuovo) or Votano (San Stefano Quisquina). Oladitoitea cf. Oorgiw occurs 
also at Madonna del lialzo, where oarnic and norio olements have been mixed 
together. 

The carnio age of the fauna of Votano and Modanesi is obvious from Gem- 
mellaro's lists, but an exact correlation with carnic faunas of the Eastern Alps has 
not yet been attempted. 6. Di Stofano, it is true, considers tho limestone of 
Votano and Modanesi as a homotaxial equivalent of the Alpine Subbullatus beds, 
hut G. v. Arthaber (Die Alpine Trias des Mediterrangcbietes, Lethcea geognostica, 
2 Thcil, Bd. I, p. 461) believes with equal reason that both the Aonoidea and Sub- 
bulla tm zones are represented in the faunas of those two Sicilian localities. 

The region which is geographically least distant from the exotic blocks of 
Malla Johar is the main region of the mesozoic belt of the Central Himalayas. 
There arc three districts in this region with fossiliferous triassic beds, the faunas of 
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whioh sliow relations to that of exotic block No. 2. But those relations are 
less close than the affinities between the present fauna and the cainio faunte of tbe 
Alpine Hallstatt limestone. 

With the Daonella beds of Lauka in Kumaon the present fauna has only one 
species in common, Bypocladitcites subaratus v. Mojs., an Indian representative of 
the group of Cladiscites subtornali, whioh differs from the European Hypocladis- 
cites subtornatus by some very subordinate details. 

The number of species probably identical in the faunce of exotic block 
No. 2 and of the Tropites limestone of Byans is five. These species are the 
following :— 

Proareetfen cf, Gaytani v. Klipet. 
Joviic* cf. tpectabiUi Dien. 

„ iaeiformis Dien. 
Tropitct cf. *uMntlatu* v. Hauer. 
Ditcotropitei cf. tandlingentit v. Hauer. 

With the Tropites shales of Spiti the present fauna has the following species in 



Jott'to cf. tpectabilu Dien. 
Tropitct cf. tuibullatut v. Hau. 
Proarceitei cf. Qaytani v. Klipst. 

As speoies indicating very close affinities the four following might be men- 
tioned : — Anatmnitea ap. ind. ex off. Henrici v. Mojs., whioh is ocrtainly very 
nearly allied to Anatomites sp. ind. of. Bacchus v. Mojs. from the Tropites shales of 
Lilang, Tropites sp. ittd. aff. acutangulo v. Mojs., Juvaviles (Griesbachites) 
Pseudomedleyanus, which belongs to the same group of Juvavitina, as Griesbachites 
Medl€yanua of unknown geological age, and Discophyllites Flotoeri Dien., which 
agrees with D. Ebneri from the Daonella beds of Lauka in all characters, except 
somo differences in tho arrangement of the sutural line. 

The presence of Tropites aff. acutangulo, Jovites spectabilis and Jovites daci- 
formis inorcases the number of species with decidedly tuvalic affinities in the 
present fauna, and consequently reduces the preponderance of julic elements. To 
the species connecting the faunas of the julic and tuvalic substages in the Indian 
triassic province Froarcestes Gaytani has to be added. Thus the majority of 
species (7), which are referable to forms previously described, are distributed 
through both tho julic and tuvalic substages. Six species point to a closer 
relation with julic and four with tuvalio faunae. 

This analysis seems to show that in the fauna of exotic block No. 2 there 
is an assemblage of species indicating nearly equal affinities with the zones of 
Trachyoeras Aonoides and of Tropites subbullaius. It cannot therefore be corre- 
lated with either of them directly or exclusively, but must be considered as a 
homotaxial equivalent of both substages. 
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I1I.-F088ILS FROM EXOTIC BLOCK NO. 5 (MALLA KIOGARH E.G.) 

Four exotic blocks of very small sise were discovered by A. v. Krafft in the 
igneous rooks and black shales of the upper Flysch near Mai la Kiogarh encamping 
ground and marked on the map accompanying A. v. Krafft's memoir (Mem. Geol. 
Surv. of India, Vol. XXXII, Ft. 3) as fc. B. I, 5, 6, 7. Blocks 6 and 7 yielded 
some fossils of liassie age. In the concretionary limestones of blook 4 no fossils 
were found. Blook 5 is described by A. v. Krafft as a massive, much altered red 
limestone. Among tho small number of fossils collected, one Ammonite has bpen 
noticed, strongly resembling Sagecerat (L c. p. 162). A. v. Krafft consequently 
considered this blook to be of middle or upper (riassic age. 

The number of fossils suitable for a determination is exceedingly small. The 
following two species arc represented among my scanty materials : — 



The fragments, whiob have been compared to Sageceras by A. v. Krafft, 
belong to a chambered whorl with a narrow and deeply excavated siphonal furrow, 
which is bordered by sharp, marginal keels. In its external characters this frag- 
ment agrees equally well with representatives of the genera Sagecerat v. Mojs. and 
Carnitet v. Mojs., but the character of its sutural line does not admit of any doubt 
that we have to deal with a species belonging to the latter genus. 

Of the sutural lino two lobes and saddles only are accessible to examination. 
The saddles have reaohed a stage of development transitional between the braehy- 
phyllic and doliohophyllic stages. The outer saddle corresponds with the adventi- 
tious saddle, the inner one with the principal lateral saddle in Carnitet floridm 
Wulf. The resemblance of the sutures to those of Carnitet floridut is very 
striking, but a specific identification of my fragment is, nevertheless, impossible, 
on account of its too incomplete state of preservation. 

Pboarcestks sp. ind. ex aff. Acssrano v. Hauer. PI. XVI, fig. 2. 

A large specimen of Arcettet is lying before me, showing a diameter of nearly 
100 mm Notwithstanding its remarkable dimensions it is ontirely chambered. 
The breadth of the whorls surpasses the height considerably. The well-rounded 
external part passes gradually into the similarly rounded lateral parts. The um- 
bilicus is comparatively broad and surrounded by a high und steep wall. The 
umbilical margin is obtusely rounded. 

In the circumference of the last volution three varices are faintly developed 
which are directed radially, and cross the external part without being turnod for- 
ward. This character distinguishes our species fmm the group of Arcettet iatutla 
biaii, which it recalls otherwise by the shape of its umbilicus. The varices are 
Hat and low and disposed at regular distance*. 



Cardites sp. ind. PI. XVI, fig. 1. 




UPPER-TRIASSIC AND LIASSIC FAUNiE. 



Dimenaiona. 

oftheehell 97 



„ „ 18-5 „ 

Height of the f above the umbilici nuture 45 

laat rotation (, „ „ preoeding whorl , . . . 81 „ 

Thiekneu of the la*t rotation 90 

Suture*.— The external part of my specimen baring been injured by weather- 
ing, it is not possible to examine tbe details of the siphonal prominence, the moat 
characteristic element in the sutures of Arceatea. Otherwise the sutures do not 
differ from those in tbe group of Arceatea bicarinati. The principal lateral saddle 
stands on the convexity, by which tbe external part morges into the sides. There 
are altogether fire saddles outside the umbilical margin. 

Remark*. — The determination of chambered nuclei of Arceatidee is, as a rule, 
uncertain, the chief features of distinction having been made on differences of nuclei 
and body-chambers by E. v. Mojswovios. Although tbe present specimen shows 
in its general characters a great resemblance to Proarceate* Auaaeanut r. Hauer 
(.Cephalopodon von Aussec, Haidinger's Naturwiss. Abbandl. I, 1877, p. 268, Taf. 
VIII, figs. 6-8), it can be included in the group of Arceatea bicarinati with some 
reserve only. 

CONCLUSIONS. 

The caruio type of the fauna of exotic block No. 6 is obvious from the few 
remains quoted abovo, in spite of the great deficiency of the materials. Both 
C a mi lea and the group of Arceatea bicarinati (Proarceate*) are restricted to the 
carnic stage in the Mediterranean region, of whioh they are characteristic 



IV.-FOSSILS FROM EXOTIC BLOCKS N08. 16 AND 17 ( KIOGARH 

. HIGH PLATEAU). 

8outh of the Kiogarh high plateau two exotio blocks containing fossils of lowor 
liassic age have been discovered by A. v. Krafft and marked as Nos. 16 and 17 on the 
map accompanying his memoir. In one place only the limestone was found in 
situ. A. v. Krafft (1. c. p. 166) describes the rock a9 bedded, concretionary, chiefly 
of red colour, but with a few grey layers, thicker than the red beds. " It is 
impossible to say how many liassic blocks were originally present, asthoy have all 
been more or less decomposed into large patohes of debris. VVo can distinguish two 
main occurrences, one (E. B. 17) situated near E. B. 18, a large number of permo- 
carboniferous orags, and the other (E. B. 16} somewhat higher up near the crest of 
a ridge running from south to north." 

The fossils, which were collcoted by A. v Krafft in the accumulation of debris 
at both localities, have not been kept separate, the labels attached to the slabs of 
rock being marked " B. B. 16 and 17." I have consequently treated the fauna of 
the two blocks as a single one. Although not rich in well-preserved specimens, 
it is very interesting on account of its affinity with European faunas of lower liassic 
age. 
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DIBRANCHIATA. 

Atbactites sp. ind. PI. XIV, fig. 1. 

In tiro Himalayan materials a speoies of Atractite$ is represented by two frag* 
ments of phragmacones. They arc casts without any trace of the test. The trans - 
yerse section is circular. Angle of emergency very small. Distance of septa 
considerable, equal to three-quarters of the diameter of the anterior septum. 

The scarcity of my materials excludes any attempt at a speciflo determination. 
Phragmaoones similar to the present ones have been desoribed from the Margarita- 
tus-beds (middle Lias) of the Schafberg by Qeyer (Die mittelliasische Cephalopoden- 
fauna des Hinter Schafbergcs, Abhandl. K. K. Qeol. Reiscbsanst. XV, Bd. p.65,Taf. 
IX. fig. 3). In the lower lias this group of Atractites is represented by A. liaticut 
Guembel, and by an unnamed species of Valesacca (Bukowina), which has beon 
mentioned by Uhlig (Ubcr cine unterliasisohe Fauna aus der Bukowina. Abhandl. 
des deutsch. naturwiss. mod. Vor. Lotos, Prag, 1900, Bd. II, p, 31). Atractites 
italicut Mich. (=zorthoceropsis Savi et Menegh.) is distinguished from our species 
by its elliptical cross-section. 



AMMONOIDEA. 
Fam. : PBTLLOCERATIDsE, v. Zittel. 

Gen. : Fhyllocebas, Suess. 

Phvlloceras Montgomeryi nov. sp. PL XIII, fig. 1; XI, figs. 3, 4. 

This beautiful speoies is represented in A. v. Krafft's collection by a large, 
fairly well-preserved cast, consisting entirely of air-chambers, and by several exam- 
ples of smaller size. In its shape and sutures it shows a very great resemblance 
to Phylloeerat pertanense Herb., from which it differs only by sonic characters 
of minor importance. 

The shell consist* of very stout, rather rapidly increasing whorls, whioh 
overlap one another to more than one half of their height, and leave a compara- 
tively wide umbilicus open. The oross-seotion is rectangular with roundod-off 
margins. The broad siphonal area is flatly arohed. The greatest transverse 
diameter is situated in the middle of the height. The lateral parts are almost flat 
and pass into the vertical umbilical wall by an obtusely rounded edge. The 
surface of the cast has been slightly injured by weathering. It cannot bo decided 
therefore whether or not a delicate ornamentation was present. But the absence 
of constrictions has been ascertained indubitably. 
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That this species is a Himalayan representative of the European group of 
Phylloceras persanense, is obvious from a oomparison of the illustrations given by 
Uhlig and Fucini. Among the genus Phylloceras this group forms a very 
characteristic section, distinguished by its stout shape and rectangular cross-section 
and by tho remarkable development of the principal lateral lobe among its sutural 
elements. Among the species from the lower lias belonging to this group there is 
unfortunately only a singlo one, Phylloceras pertanense Herbich (Szeklerland, 
Mitteil. aus dem Jahrb. der Kgl. Ungarisohcn Geologischen Anstalt, V, p. Ill, Taf. 
XX, E. fig. 3 ; XX, F. fig. 1), of which satisfactory information is given by the 
memoirs of Uhlig (Uebcr cine unterliasischc Fauna aus dor Bukowina, Abhandl. 
Deutsch. naturwiss. med. Ver. Lotos, Prag, 1900, Bd. II, p. 15, Taf. I, fig. 1) and 
Fucini (Cefalopodi liasici del Monte di Cetona I, Palroontographia Ital. VII, 1901, 
p. 22, Tav. IV, figs. 1, 2). To this spocies our Himalayan typo is certainly very nearly 
allied, although.it is specifically different. Goth species agree in the shape of the 
cross-section, which is almost identical, but Phylloceras Montgomeryi has more 
rapidly increasing whorls, which overlap ono another less strongly, a wider 
umbilicus, and no constrictions. The absence of constrictions distinguishes our 
species likewise from Ph. Calais Menoghini (Fossilesdu Medolo, Paleont. Lombarde 
4e ser. p. 24, Tav. Ill, figs. 1, 2), PA. dubium Fucini (/. c. Palaeont. Ital. VII, p. 
27, Tav. V, figs. 5, 6) and Ph. microgonium Gcmmellaro (Sui fossili dcgli strati k 
Ter. Aspasia etc., p. 10, Tav. I, figs. 4-6). In tho relative si»t? of the umbilicus our 
Himalayan form agrees bettor with the latter species than with PA. persanense. 

European species of this group, which arc conspicuous by the absenco of 
pauloetomatio constriotions, are Phylloceras leptophyllum v. IJauer, PA. subcylindri- 
cam Neumayr, and perhaps Ph. Hebertinum Reynes.* 

Phylloceras leptophyllum v. Hauer is only known to us by tho unsatisfactory 
description and illustration given by Herbich (1. c. p. 112, Taf. XX, H. fig. 1). 
It differs from PA. persanense by its whorls increasing more rapidly. In this 
oharaoter it apprau-hes our Himalayan specimens very olosely. No front view of 
F. v. Hauer's typo having been figured by Herbich, a closer comparison is, unfor- 
tunately, not possible. Provided a complete agreement in their external characters 
should be proved, no spocifio identity of P. leptophyllum and P. Montgomery* 
could be established, regarding the differenoe in the arrangement of their sutures. 

Phylloteras subcylindricum Neumayr (Zur Kenntnis der Fauna des untersten 
Lias in den NordsJpen, Abhandl. K. K. Qeol. Reiohsanst. VII, p. 22, Taf. I, fig. 
15) is distinguished by higher, more strongly compressed and more slowly increas- 
ing volutions but agrees with PA. Montgomeryi in the width of the umbilicus. 

* PkyHocerat «lenti**m Gfunr«lliio(8oi foaailidegli strati it Tt nhraiula A$patia, etc., Palermo, 18*7. p, 9, Tav. 
I, fi(f. 7; II, figi. 18-2*1) cannot l o counted atr.ong thc*o "y^ciw, as might be stiffigeated from ft cursory examination of 
GemmtUaro's illustration on 11. I, fig. 7. The smaller example is provided with four or fire •.•onstri tiuit«, *i is obvious 
from Gemmetlsro's description. Pompeek) has discovered a species either identical with cr very closely allied to 
Pi. iM'h. in the liatatd strata of Kessik tash, Asia Minor. This spacies shows deep coortrietions with their 
direction tamed very sbongly foiwetd (Pe?« ■tologiscbs and stratigraphies!™ Notiien aas Anxtollen, Zeitseh. 
DeuUcb- Geol. Gee. 49, Bd. 1897. p. 733, Taf. XXIX. Ggt. 8-8). 

r 
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Phylloeerat Hebertinum Reynes (Essai de geol. et paleont. Aveyronnaises, p. 
94, PI. II, fig. 3) is a dwarf species, with its lateral parts more stroagly arched 
than in Ph. persanense. In general its cross-section seems to bo less distinctly 
rectangular, especially in the types from the Medolo, which have been illustrated 
by Meneghiui (Fossiles du Medolo, 1. c. p. 30, PI. Ill, fig. 6), which is provided 
with whorls of nearly elliptical outlines. The species from the Kessik tash (Asia 
Minor), which his been referred to Ph. Hebertinum by Pompeckj (Zeitschr. 
Deutsch. Geol. Qes. XLIX, p. 730, Taf. XXIX, fig. 10), Bhows a closer affinity to 
PA. persanenae than the types from the Medolo. The greatest transverse diameter 
is situated in the upper portion of the height, the lateral parts and siphonal 
area are flattened less distinctly and the umbilicus is narrower than in Ph. 
Montgomery i. 

Dimensions. 

Pi»in<!t<"r of the ihell .... ..... $2 mm. 

„ .. ., umbilical ......... 13 „ 

Height of the C above the umbilical »utor» 43 5 „ 

MM Tolution 1 „ „ preceding whorl ccn. 36 „ 

Tliickiww of (lie lut Tolation 3« „ 

Suture*. — The sutural line is not entirely known to me. As far si accessible 
to examination it agrees pretty well with the sutures of Phyllocerat pertanense. 
The less rich ramification of the branches and the more massive sbapc of the saddles 
may be partly duo to a stronger weathering of the casts in my Himalayan speci- 
mens. In the chief characters of the sutural line, namely, in the high position of 
the siphonal lobe and in the width of the lateral lobes, especially of the principal 
lateral lobe, there is n complete agreement between the two species. 

The principal lateral lobe is nearly twice as deep as the siphonal lobe and is 
tripartite at its base. The following lobe* diminish gradually in depth. The 
siphonal lobe is narrow, bifid and divided by a median prominence with entire 
borders. The siphonal saddlo is diphyllic. Of its two lateral branches the inner 
one projects strongly beyond the inner terminal leaf. The lateral saddles are 
also diphyllic. The principal lateral and siphonal saddles are of nearly equal 
height. 

The sutural line can only be traced as far as the outer wall of the first auxi- 
liary saddle, but from its position we are allowed to suggest that the number of 
auxiliary elements must have been comparatively small, smaller probably than in 
the types of Ph. persanense illustrated by Uhlig and Fucini. 

The sutural line of Phylloceraa leptophyllum v. Hauer, although imperfectly 
known to us by Herbich's illustration, differs certainly from the sutures of Ph. 
peraanenae and P. Monigomeryi by the shape of the siphonal saddle. Whether or 
not Fucini is right in uniting P. leptophyllum with P. convexum de Stefani (Lias 
inferiore ad Arieti dell' Appennino scttei.trionale, Atti Soc. Toscana di scienze nat. 
in Pisa, Memorie, VIII, 1887, p. 49, Taf. I, fig. 14; II, fig. 16), cannot be decided 
until laiger materials of both speoics are available for examination. 



Digitized by Google 



UPPER-TRUSS IC AND LIA8SIC FAUN.E. 67 

• 

Remark*. — The propriety of uniting the group of Phylloceraa peraanenae with 
the subgenus Geyeroceros Hyatt, whiuh has been proposed for the accommodation of 
Ph. cylindricum Sow. and its allies, is questionable. The two groups agree in the 
rectangular shape of their transverse sections and in the generality of their ex- 
ternal characters, but the sutural line of Ph. cylindricum is distinguished from the 
sutures of PA. peraanente and its allies by the triphyllic arrangement of the 
siphonal saddle and by tho deep position of the siphonal lobe. To me both charac- 
ters appear to be of sufficient importance for separating the present species from 
Hyatt's subgenus Geyeroceros. 

PfiYiaocBRAS Sclatbbi nor. sp. PI XII, fig. 2; XIII, fig. 3. 

This species, which is represented by two nearly complete and well-preserved 
oasts and by some fragmentary examples, is closely allied to Phylloceraa Lipoldi 
v. Hauer, from tho lower lias of the Mediterranean provinoe. The Mediterranean 
species, which is well known to us from tho memoirs of F. v. Hauer (Bcitraego eur 
Kenntuis der Heterophyllen in den cesterr. Alpen, Sitzgsber. Kais. Akad. d. 
Wiss. XII, 1851, p. 881, Taf. Ill, figs. 8-Ki), Reyn6s ( Monographic des Am- 
monites du Lias iuferieur, Atla* PI. XLIV, figs. 27-31), Geyer (Uebcr die liasi- 
schen Cephalopoden des Hierlatz bei Hallstatt, Abhandl. K. K. Geol. Reichaanst. 
XII, p. 220, Taf I, fig*. 13, 11) and Puoini (Cefalopodi liasioi del Monte di Cctona, 
Palaxmt. Ital. VII, 1901, p. 21, Tav. IV, fig. 9) is distinguished by its compara- 
tively wide umbilicus and ovoid cross-section. In both characters my Himalayan 
species agrees with the European type, from which it differs, however, by its higher, 
more strongly compressed whorls, which increase more slowly. But in general 
the two species approach each other so closely in their external features, 
that with transitional shapes at hand, the Himalaya i form might be termed a largo 
and compressed variety of Ph. Lipoldi. 

In my larger type-specimen exactly one-half of the last volution belongs to the 
body-chamber. The umbilical wall i-» very steep and separated from the flanks by 
an obtusely rounded edge. 

Fucini considers Phylloceraa Uebertinum Reynos to bo the nearest ally to Ph. 
Lipoldi. This near affinity is, howaver, restricted to the type from Medolo, as 
illustrated by Meneghini (Fossiles du Medolo, Paleontologie Lomb. IV, Appendioe, 
PI. Ill.fig. 6) and not extended to the types from Aveyron as described by Keynes, 
or from Asia Minor, which have been discovered by Pompeckj. From the present 
species Meneghini's examples of PA. Heberlinum differ remarkably by their whorls 
increasing more rapidly, by the absence of a distinctly defined umbilical margin, 
by their inflated and regularly elliptical— not oroid— oross-soctions, and by their 
smaller umbilicus. 

Tn Phylloceraa Waehneri Gemmollaro (Sui fossili degli strati a Ter. Mpaaia, 
p. 11, Tav. I, figs. 1-8) the whorls increase still more rapidly, the umbilicus 

k e 
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is considerably smaller, and the greatest transverse diameter is situated above the 
middle of the height, 

Phylloceras ancylonotos de Stefani (Lias inferiore ad Arieti del Appennino 
settentrionale, Atti Soc. Toscana scienze nat. Pisa, Mem., Vol. VIII, 1887, p. 50, 
Tav. II, fig. 15), which is considered as identical with Pa. Lipoid* by Fucini, has 
been based on a fragment too incomplete to warrant a certain identification. It 
shows no closer affinity with our Himalayan speoies, having more elliptical outlines 
and a narrow umbilicus. What is seen of the sutural line of PA. ancylonotos in de 
Stefani's illustration does not agree with the sutures of Ph. Lipoldi, the siphonal 
saddle appearing to be considerably larger than the principal lateral one. 

Dimensions. 

Diameter of the •bell 70 mm. 

„ ., „ umltli<.ii» ......... 12 ,, 

Hright of the ( above, tbe umbilical «uturo 88*5 „ 

Ian! volution I ., „ pnxoling whorl 28 

Thii'knox of the hut volution ........ a. !16"6 „ 

Sutures. — The illustration 1 * of the sutural lines of Phyll. Lipoid* in the 
memoirs of F. v. Hanor, Qeyer, and Fucini do not agree in a satisfactory manner. 
Tho differences are too remarkable to be explained by the different state of 
preservation of the examples examined. The sutures illustrated by F. v. Hauer 
and Geyor show n assive saddles with broad stems, whereas the lobo line figured by 
Fucini is conspicuous by very slender saddles with elongated branches and small 
terminal phylla. I have had tbe opportunity of examining Gcyer's type-specimen 
from the Hicrlatz and of convincing myself of the absolute correctness of his 
drawings. 

Tho sutures of Phyll. Sclateri tuko an intermediate positiou between those 
in Geyer's type from the Bierlatz and in Fucini's examples from the lower lias of 
Monte di Cetona, exhibiting saddles which are deeply inoised, but provided with 
large terminal leaves. All saddles are diphyllio, as in PA. Lipoldi. The siphonal 
lobe is as doep as the second lateral one, not remarkably inferior in length to the 
principal lateral lobe, and very narrow. All the lateral lobe* are tripartite at their 
base, the median point being the longest. 

There are four auxiliary lobes and three corresponding saddles developed in the 
last septum preceding the body-chamber. 

The siphonal saddle has four branches, including the two terminal phylla. It 
is considerably shorter than the prinoipal lateral saddle. 

Pnvi.LOCER.vs sp. ind. all. Sclatkei, Dien. PI. XIII, fig. 2. 

This species, which is represented by a single, imperfectly preserved cast, 
recalls still more strongly Phylloceras Lipoldi than the typical Ph. Sclateri. 
It has the lateral parts not flattened, but regularly although moderately arched, and 
a comparatively high and steep umbilical wall, whioh is separated from the flanks 
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by an obtusely rounded edge. The umbilicus is wider than in Phyloceras Lipoldi 
and in PA. Solateri. The whorls envelop one another for two-third parts of their 
entire height. 

Dimensions. 

Diameter of the .hell 66 mm. 

,t n it wobilicai . ........ 12 „ 

Height of the ( above the umbilical future 86 „ 

I » » preceding whorl 30 „ 

81 



Sutures.— The sutures are distinguished from those of Phylloceras Sclateri 
by a smaller number of auxiliary lobes, oorrespoudiag to the larger diameter of the 
umbilicus. There are only three auxiliary lobes and two saddles developed. The 
umbilical margin divides the second auxiliary saddle, whereas in PA. Sclateri three 
auxiliary saddles are exposed within the distance between the second lateral saddle 
and the umbilical edge. 



Phyllockbas Housbpieldii nov. sp. PI. XII, fig. 3. 

The specimen illustrated, a cast consisting of air-chambers only, agrees in its 
external features with Phylloceras oenotrium Fucini (Cefalopodi liasici del Monte 
di Cetona, Palasont. Ital. VII, 1901, p. 34, Tav. V, figs. 8, 9 ; VI, tig. 1) in such a 
remarkable way, that I should not have hesitated to identify it with this character- 
istic speoies from the lower lias of Italy but for the fact that the less complicated 
struoture of its sutural line required a specific separation of the Himalayan form. 

It is provided with rapidly increasing, very high and strongly oompressed 
whorls, which include a comparatively wide umbilicus. The lateral parts are 
very flatly curved, reaching their greatest transverse diameter below the middle of 
their height. The umbilical margin is narrowly rounded. 

From the typical shape of Phylloceras Zetes d' Orb. (= Ammonites heter- 
ophyllus amalthei Quenstedt, Cephalopodon, p. 100, Taf. VI, fig. 1) our specimen 
differs chiefly by its wider umbilious. It is distinguished both from the speoies 
from Enzesfeld, which hi* been united with PA. Zetes by F. v. Hauer (Cephalopo- 
den aus dem Lias der uorddstliehen Alpcn, Denksehr. Kais. Akad. d. Wissensch. XI, 
1855, p. 56, Taf. XVIII) and from PA. psilomorphum Ncumayr (Zur Kenntnis 
der Fauna des untersten Lias in den Nordalpen, Abhandl. K. K. Geol. Reiohsanst. 
VII, p. 21, Taf. II, fig. 4) by a more regularly oral shape of its cross-section. In 
those two species the lateral parts converge as flat planes from the place cor- 
responding to the greatest transverse diameter, towards the rounded external part, 
whereas they are curved very distinctly in the direction of the umbilicus. This 
imparts to their cross- sections a sagittal or subsagittal shape, whereas in my Hima- 
layan species the lateral parts are distinctly and regularly, although discretely, 
arched. 

Phylloceras glaberrimum Neumayr (1. c. p. 20, Taf. II, figs. 2, 3) is too imper- 
fectly kno wn to permit of a closer comparison with the present speoies. 
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Dimensions. 

Diameter of the tbell 67 mm. 

„ h || umbilicus ......... 6°S ,. 

Height of iho ( above th« umbilical future . . . . 39 ,, 

but rolution Inn preceding whorl .... . 28 „ 

Tliii knc»s of the. latt volution 20 „ 

Sutures. — The sutures of tins speoies are very much like those in Phylloceras 
dubium Fucini (1. o. p. 27, Tav. V, figs. 5, 6) and in the Italian types of Phylloceras 
Zipoldi described by that author. 

The siphonal lobe is shorter than in Ph. dubium, as it docs not rcaoli the 
length of the second lateral lobe. The principal lateral lobe is very broad, nearly 
as broad as in tho group of Ph. persantnse Herb. All the lobes as far as known 
arc tripartite at their base, but with tho lateral branches arranged asymmetrically 
to the median indentation. The saddles arc diphyllic, with large terminal leaves. 
The lateral branches are especially well developed in the siphonal saddle, which is 
provided with a narrower stem than the rest of the saddles. 

There are two auxiliary saddles present within the distance from the second 
lateral saddle to the umbilical margin. 

From the sutures of Phylloceras oenotrium the sutural line of this species differs 
so remarkably by its more simple structure, that a close affinity of the two forms 
is rather doubtful, notwithstanding their great external similarity. For its nearest 
relationship we will perhaps have to look among the group of Ph. Lipoldi. From 
Ph. Sclateri the present species is distinguished not only by its external features, 
but also by considerable differences in its sutural line, especially by the large size 
of its siphonal saddle, which is ramified more richly. 

Phtllockras Caldwellii nov. sp. PI. XIII, fig. 4. 

This species, which is represented by a single, almost entirely chambered 
cast in A. v. Krafft's collection, belongs to the relationship of Phylloceras Horse- 
fieldii, as is obvious from the similar structure of its sutural line. 

In its external shape and involution it is distinguished from Ph. Horsefieldii 
by its whorls being more strongly convex and arched less regularly. The greatest 
transverse diameter is situated in the umbilical region. In tho posterior half of 
the la*t volution it coincides with the umbilical margin, which is rounded off 
sharplv. Near the aperture it is shifted somewhat towards the lower part of the 
flanks, which pass into the high and steep umbilical wall in a more regularly 
rounded curve. Thus the transverse section is of a decidedly stibsagittal shape, 
much more so than in Phylloceras oenotrium Fucini. 

This character of the cross-section distinguishes our species from the group 
of Ph. frondosnm Reyncs (Essai de geol. et paleontol. Aveyronnaises, Paris, 1868, 
p. 98, PI. V, fig. 1). In the typical shapes of Ph. frondosum the cross-section 
is, according to Pompeckj (Zeiteohr. Deutsoh. Geol. Ges. 49, Bd. 1897, p. 729) of 
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regularly elliptical outlines, whereas it is slightly oval in some forms described by 
Fucini (Cefalopodi liassici dol Monte di Cctona Ptc. I, Pal. Ital. VII, 1901, p. 18) 
as transitional shape* connecting the typical PA. frondosum and Ph. Waehneri 
Gemm. But in some of them the greatest transverse diameter is situated as oloso to 
the umbilical region as in our Himalayan species. 

The siphonal part is narrowly rounded at the beginning of the last volution, 
but becomes curved more flatly in the vioinity of the aperture. 

The umbilious is as wide ami deep as in specimens of PA. oenotrium of 



Sutures. —Agreeing in general with those of Phylloceras Horsefieldii. All 
main saddles diphyllic Three auxiliary lobes and saddles outside the umbilical 
suture. The second auxiliary lobe coincides with the umbilical margin. The two 
inner auxiliary saddlos are monophyllic. 

The most characteristic feature in the sutural line is the shape of the 
principal lateral lobe, which is very large at its base and very narrow in its upp^r 
portion, whore the branches of the bordering saddles approach one another 
considerably. A strong divergenoa of the basal branches of this lobe has also been 
noticed in Phylloceras Horselieldtt an I in the group of PA. frondosum, but in 
none of the s peoies belonging to the latter group is it developed as strongly as in 
PA. Caldwellii, in which the distanoa of tho extreme basal points of this lobe is 
equal to two-fifths of the entire radius. 

This remarkable enlargement of the basal region is restricted to the principal 
lateral lobe. Tnc second lateral lobo is of normal shape. Its median terminal 
point reaches considerably deeper than the two lateral points, whereas in the 
principal lateral lube tho difference in depth between the three basal points is 
almost insignificant. 

The terminal branches of the two lateral lobes approaching one another very 
closely, the stem of the principal Lateral saddle is lacod at its base more strongly 
than in Phylloceras Horsefieldii. 

Remarks. — Among tho undoscribed species of Phylloceras from tho lower 
Lias of Adneth there is one, which, from its external similarity, might be supposed 
to be nearly allied to the present form. 

Puyilockras sp. ind. ex aff. Dieneri Roscnbg. PI. XII, fig. 5. 

This is a very remarkable species of Phylloceras, which deserves mentioning 
notwithstanding the very incomplete and unsatisfactory state of preservation of the 
only specimen available for description. 



equal size. 



Dimensions. 



Diameter of the .hell 

„ „ «imbilicu» 




Height of tho ( above the umbilici. 1 auturo 
la-c volution > „ „ preceding whorl 
Tbiekneii of the li»t relation 



• 48 .. 

• So „ 

• 82 „ 
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It is a widely umbilioated Phyllocerat with flatly arched lateral parts and with 
a nearly elliptical cross-section. Tho greatest transverse diameter corresponds to 
the middle of the height. Tho siphonal part has not been preserved nor am I able 
to give any oxact measurements of the cross-section. 

Tho most remarkable feature of this species is the development of distinct 
narrow paulostoinatio folds, which are directed radially and show an inverse 
imbrication. The two folds, which arc clearly exposed in the figured fragment, 
are disposed at right angles. Traces of a third radial fold have been noticed 
exactly opposite the anterior one. The folds were probably connected with faintly 
marked paulostoinatio constrictions, but the poor state of preservation of my only 
type-specimen is not sufficient for a positive conclusion. 

In the lower lias of the Kratzalpo (Salzburg) there is an undescribed species, 
for which the name Phylloceras Dieneri will be proposed by Rosenberg, who is 
studying the fauna of this locality, which recalls the present oast in its external 
features. It is also providod with radial folds, which arc disposed at right angles, 
each quadrant of the last volution being separated from the neighbouring one by 
a radial fold, which is accompanied by a low constriction. 

Dimentions.— Not measurable. 

Suturet.— Not known. 



Subgen. : Schistoputllocebas Hyatt (Group of Phyllocerat 
TJermcesenae Herb.) 

PHTtLOCERAS (SCHI8TOPUYLLOCERAS) MOXGOLICCM nOV. sp. 
PI. XI, fig. 2 ; XII, fig. 1. 

This species is a representative of a very remarkable group of Phylloceratidce 
which is distinguished by wide umbilici and by a triphyllio termination of the 
principal lateral saddle. Two Alpine species of this group have been studied 
most carefully, namely, Phyllocerat Uermcetense Herb, and Ph, planujnra 
Beynes. To both of them our Himalayan form is very closely allied, without, 
however, being actually identical with either of them. 

The new name Phylloceras mongolicum is proposed for two specimens. One 
of them is well preserved and nearly complete, one half of its last volution belong- 
ing to the body-chamber. The seoond one is a fragment of the last volution, 
comprising the last air-chambers and a portion of the body-chamber. In this 
specimen tho sutural line baa been excellently preserved. 

The nearly complete specimen illustrated on PI. XI, fig. 2, agrees in its shape 
and dimensions very closely with the type-specimen of Phylloceras Uermouetue, 
Herbich (Szeklcrland, Mitteilungen aus dem Jahrb. d. ungar. Qool. Anst. V, p. 
138, Taf. XX, K. fig 1). The slowly increasing whorls leave a wide umbilious 
open. The shape of the shell is disciform, with strongly compressed volutions. 
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The transverse section is irregularly ovoid, with the largest transverse diameter 
situated in the lower part of the height. 

In their involution the two specimens do not agree exactly. In my 
Himalayan type the whorls overlap one another to more than one half their 
height In Herbioh's type-specimen the rate of involution is less consider- 
able, but among the Alpine representatives of Phyllocera* Uermcesente, illustrated 
and described by Waehner (Beitraege zur Kenntnis der tieferen Zonen des Lias 
in den nordcestliohen Alpen, Beitraege zur PalfBOnt. und Qeol. Oesterr.-Ungarns, 
etc., Bd. XI, p. 173, Taf. XXIII, figs. 3-5, Taf. XXIV, figs. 1-8), there are some 
examples in which the overlap of the two last volutions is scarcely inferior to that 
in PA. mongolism. 

The aiphonal part is sharply rounded, more sharply even than in any of the 
Alpine examples of Phyllocerat Uermceteme illustrated by Waehner, but never 
acute. The lateral parts are marked off from a steeply inclined umbilical wall 
by an umbilical edge, whiohis obtusely rounded. But the umbilical wall is 
neither as steep nor separated from the lateral parts as sharply as in the majority 
of the Alpine types of PA. Uermceseiue. It is especially in the inner volutions 
that the low umbilical wall passes into the lateral parts more gradually. In this 
character my specimen might be compared with the European type illustrated by 
Waehner on PI. XXIII, fig. 3. 

The peristome has not been preserved, but a deep contraction preceding the 
aperture of my type-specimen might perhaps indicate the vioinity of the actual 
peristome, provided it were not accidental. 

As has been demonstrated by Waehner, in Phylloceraa Uermaea<-me an inter- 
nal shelly ridge is occasionally developed along the median line of the aiphonal 
part. In casts the presence of this internal ridge is marked by a deep, angular 
depression or furrow. Specimens showing this external furrow have been de- 
scribed as PA. autonoi urn by Htrbioh (Szeklerland, 1. c, p. 115, Taf. XX, Q. fig. 2). 
It is worth mentioning that among tho materials collected by A. v. Krafft there is 
also a fragment with the trace of a siphonal furrow, recalling somewhat casts 
of PA. aulonotum. It is too fragmentary to permit of a speoifio identification. 

Waehner's amalgamation of Phyllocerat Uermmaense and Ph. aulonotum has 
been doubted by Prine (Centralblatt f. Mineral, etc., 1906, p. 338), who considers 
the latter species as the prototype of a new subgenus Eochitea (= Schiaiophyllo- 
ceras Hyatt), but I am not inclined to follow his view, agreeing entirely with 
TJhlig (Centralblatt, 1. c, 1906, p. 421), that no valid arguments have as yet been 
raised against the correctness of the results of Waehner's careful studies. 

It is not impossible that a broad and low keel occurs in the vicinity of the 
aperture of my Himalayan type-specimen, as has been described in large 
examples of Phyllooeraa Uermaeaeme by Waehner, hut its presence cannot be 
ascertained, this region of the external part having suffered from weathering. 

Paulostomatio constrictions or folds are entirely absent in all my specimens. 

Fragments of the shelly substance, as far as preserved, are nearly smooth. Of 
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the radial stripes and striae, whioh have been desoribed and illustrated in Phyllo- 
ceras Uermffteme by Wacbner, no traces bave been discovered, but this fact may 
barpartly duo to the imperfect condition of the test. 

Phyllocerat TJermcetente is certainly more nearly allied to Ph. mongolieutn 
than any congeneric species of this group. There exists also a close similarity with 
Ph. planitpira Reynes. Tim chief character of distinction between the two 
species is the difference in size, PA. planitpira being a small form which never 
exceeds 50 ram. in diametor. As lias been remarked by Uhlig (Ucber cine unter- 
liasisclte Fauna aus der Bukowina, Lotos, Prag., 1. c, p. 17), the umbilical wall 
of Phylloeerat planitpira always slopes at flat angles, and has a broadly rounded 
niargiu. In thes* two features our species agrees more closely with Ph. Uermae- 
tense. 

Dimeter of the iheU . . . «2mm. 

• • „ mm umbUicu . . . 30 ,. 

Height of the fatten the umbilical mturc . . . ... . 35 „ 

lust Tolaticm (. „ „ preceding whorl 23 m 

Tbieknwe of the lut rolution 22 „ 

Suture*. — The sutural line shows a remarkable similarity with the sutures of 
Phyllocerat Uermcetenne, from which it differs, however, by the more robust shape 
of the saddles, the phylla baing considerably smaller iu comparison to the stems, 
and by the smaller number of auxiliary elements. In both characters it seems to 
agree, perhaps, somewhat more nearly with the sutures of Ph. planitpira, although 
a closer comparison is rendered difficult by the incorrect illustration in Reynes* 
memoir and by the very small sue of the sutural lines which have been illus- 
trated by Uhlig and Geycr. 

The siphonal lobe ia very short, reaching less deeply than the external branch 
of the principal lateral lobe. The second lateral lobe is shorter than the principal 
one, but longer than the first auxiliary lobe— which should, perhaps, be designed 
more exactly as third lateral lobo. Prom the first auxiliary lobe the lino con- 
necting the basal points of the following two lobes runs in a radial direction toward 
the umbilical suture. A third lobo is situated on the umbilical wall. 

An equal number of auxiliary elements has been counted in small examples of 
Phylloeerat TJermcetente by Waehncr, whereas full-grown types reaching the 
dimensions of our specimen (PI. XII, fig. 1) are provided with six auxiliary 
lobes. 

The siphonal saddle is dipbyllic, the inner terminal leaf being the higher one. 
The second inner leaf following underneath the terminal phyllum projects 
rather strongly, making the principal phvlla of this saddle approach a tripartite 
arrangement. The principal lateral saddle is distinctly triphyllio, the middle leaf 
being the highest, the external phyllum standing a little deeper than the internal 
one, and at a nearly equal level with the inner terminal phyllum of the siphonal 
saddle. It is considerably larger than its neighbours. The two following saddles 
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exhibit a dipbyllic arrangemiuit. The second auxiliary saddle has one single term> 
itial leaf. *. •. , 

It is obvious from a comparison of the sutural linos in Phylloceraa Uertnce- 
tense and Ph. mongolicum that there is an almost complete agreement in the 
arrangement of the phylla of the saddles, even in the minor details. Nevertheless 
there exists a decided difference in the general shape of the saddles, the lobes being 
comparatively broad, the stems massive, the phylla small and slender in my Himal- 
ayan species. 

Should the differentiation of the present species not be considered justified by 
its external features of distinction — which in this as in so many other oases is 
only a matter of individual conception or personal judgment — the structure of its 
sutural line would, according to my opinion, require its separation from Phyllo- 
ceras Vermoeaenae. 

Remarks. — There is some difference of opinion among palaeontologists regard- 
ing the systematic position of Phylloxeras Uermoeaense. 

If all PhyUocerotida with a wide umbilicus are included in the genus (or 
subgonus) Rhacophyllitea, as interpreted originally by K. v. Zittel (Handbuch der 
Palaeontologie, II, p. 439^, Ph Uermcesente must certainly be grouped with this 
genus. Th»> interpretation of Rhacophyllitea proposed by E. v. Mojsisovics in 
1902 would not give us any clue for a decision, becauso, of tho two characters of 
subgeneric importance, namely, presence of a short siphonal lobe and diphyllic or 
tripbyllic arrangement of the main saddles but monophyllio auxiliary saddles, the 
first character is developed in Ph. Uermaeaente, whereas tho second is not. 

If the subgeneric designation of Rhacophyllitea is restricted to those forms of 
Phylloceraa in which the body-chimber diff ere from the chambered parts of the 
shell in shape and sculpture, or in which the auxiliary series is united into a sus- 
pensive lobe, as has been proposed by E. v. Mojsisovics in 1882 and by Geycr in 
18S6, it is equally difficult to decide whether or not PA. Uermccaenae should be 
grouped with Rhacophyllitea. Shape and sculpture of the body-chamber do not 
agree exaotly with those of the chambered parts of the shell, because occasionally 
a shelly internal ridge and a low keel are developed in the body-chamber. The 
auxiliary elements are not united into a sloping suspensive lobe, but show a serial 
arrangement, decreasing in size quite regularly from the second lateral lobe to the 
umbilical suture. 

Hyatt (Zittel's Text-book of Palaeontology, English edition, Cephalopoda, 
p. 568) has elevated Phylloceraa aulomtum Herb., which, aocording to Wnehner, is 
identical with Ph. Uermcesense, to the rank of a proper subgenus, Schiatophyllo- 
ceraa. To the same group of Phyllocerata Prinz has applied the subgeneric 
designation of Kochitea, which, regarding the law of priority in palseontological 
nomenclature, cannot bo accepted. 

The subgenerio value of a character, which is rather faintly marked and not 
even developed in all specimens of PA. Uermcetenae, might be questioned. It 
might also be taken into consideration, ue it has boen remarked by Uhlig, that the 
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development of a keel in Phyllocertu is a very subordinate feature in the history 
of its evolution, the oarinate forms disappearing without having given rise to any 
progeny. If a subgeneric rank should, notwithstanding those objections, be attri- 
buted to the group of Phylloceras Ueitnae$etue-aulonotttm, the present speoiea from 
the exotio blocks of Malla Johar ought, probably to be grouped with Schiatophyllo- 
cerat, although the presence of a keel has not been ascertained. 



8ubgen. : BaACOparniTsa v. Zittel. 
Tin a( opii yllites of. gigas Fuoini. PL XI, fig. 1. 

1901. Rka*opWlit„ 9 i 9<u Pucini. Cahlopodi liufei <U1 HooU di Crfon.. VU. 1, P.W. ItaL VII. 
p. 68. Tar. IX 6g«. 2-5. 

This species is represented in A v. Krafft's collection by a well-preserved cast 
without any trace of its shelly substance. It consists both of air-chambers and 
the body-chamber, to which exactly one half of the last volution belongs. It is an 
Indian representative of a group of Bhacophyllites whioh is widely distributed in 
the lower and middle lias of Europe, and is very nearly allied to BhacophyUite* 
gigas Fuoini, Bh. tranuylvanietu Hauer and Bh. diopti$ Gemm. I have referred it 
to the first of these three species as cf,, although it is perhaps not exactly identical 
with it. 

With the type of Bh.giga* illustrated by Fuoini on PL IX, fig. 4, of his above- 
quoted memoir, my Himalayan specimen agrees in all its characters of specific 
importance. The whorls are strongly compressed and include a wide umbilicus. 
The lateral parts are very gently arched and separated from the high, steeply 
inclined umbilical wall by a distinct, obtuse edge, which becomes gradually 
rounded in the body-chamber only. The largest transverse diameter is perhaps 
Bituated a little higher than in Bh, gigat, but the difference can be insignificant 
only. The external part is regularly rounded, neither inflated nor truncated. 

The surface of the chambered parts of the shell is smooth. Near the begin* 
ning of the body-chamber an indistinot sulcus or constriction has been noticed 
crossing the sculpture in front at oblique angles. The sculpture, which is restricted 
to the body-chamber, consists of strong and moderately sharp ribs, which are 
separated by broad intercostal valleys. Fifteen ribs are counted altogether within 
the circumferenoe of the body-chamber. The ribs are slightly falciform and 
describe a orescent-shaped curve, with its convexity turned forward in crossing the 
sipbonal area. This is the place where they reach their maximum strength, whereas 
they are obliterated gradually in the lower part of the flanks. None of them 
reaches the umbilical region. 

From the Italian type of Bhacophyllite* gigas our Bpeoimen differs in some 
subordinate details of its shape and sculpture. Its whorls increase more 
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rapidly, as is obvious from a comparison of the dimensions in the two following 
-examples :— 

Himilayin type- Focini'i typ*. 

wfammu V MhMB(PI.IX,i l .«). 
PUm^er of th« .heU 89 mm. . . 78 mm. 

,. „ »nmWlioii »2 17 6 ,. 

Jof (he l«t Tolutioo . . ' » 7 ' 6 - • • • 34 



The difference in the width of the umbilicus is larger than in the height of 
the last yolution. Nor do the proportions of height and thickness in the transverse 
section agree exactly, our Himalayan form being comparatively thicker than the 
Italian type-specimen illustrated by Fucini on PI. J X, fig. l. But there are some 
other European examples of Bh. gigeu which seem to agree better with our speci- 
men in this respeot. Fuoiui did not succeed in ascertaining the presence or 
absence of a constriction in the body-chamber of his specimens, although their 
absence in the chambered parts of the shell was made certain. 

If Fucini's suggestion, that the ribs originate in the vioinity of the umbilical 
margin, could be proved to be correct, this character might be counted among the 
subordinate features of distinction, as in our specimen none of the lateral ribs 
comes near the umbilical margin. 

Among Fucini's illustrations of BhacophyUite* gigat no view, unfortunately, 
has been given of the external part. Thus it is impossible to say whether or not 
there exists a complete agreement in the direction of ribs in that region between 
the Himalayan and Italian species. 

A second species, to which the present one appears to be very closely allied, 
is the group of forms from the lower lias of Monte di Oetona, which hare been 
united with Bhacophyllitea trant$ylvanicut v. Hauer by Fuoini (1. c. p. 52, Tav 
VIII, figs. 1-7). 

As has been demonstrated by Uhlig (Ueber eine unterliasische Fauna aus 
der Bukowina, Abhandl. d. deutsoh. naturwiss. Med. Ver. Lotos, Prag, 1900, II, 
Bd. p. 20), the name Bhacophyllitet trannylvanicu* must be assigned to the 
specimen illustrated by Herbioh on PI. XXI of his memoir " Das Szeklerland " 
(Mitt, aus d. Jahrb. d. Ungar. Geol. Anst. V, 1878). From this type of the 
species our Himalayan spooimen differs considerably by the smaller number of 
its ribs, which are curved more strongly along the siphonal area. But among 
Fucini's materials numerous forms have been assigned to the Hungarian species, 
whioh might be considered as shapes intermediate between Bh. trantsulmni cut 
and Bh. diopsit Qemm., some of them bearing a greater affinity to our species 
than the typical Bh. trannyhanieut. It is especially the var. donocovata 
Fucini (PI. VIII, fig. 7) which approaches our specimen in the shape of its cross- 
section and in the direction of the lateral ribs crossing the siphonal area in 
■cresoent-shaped curves. But the number of ribs is considerably larger in all the 
Italian types illustrated by Fucini. "To this distinctive feature the presence of 
faintly marked paulostomatic constrictions in the ohambered parts of the Italian 
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shells must be added, whereas such are certainly absent in my Himalayan 
specimen. 

A tbird species whiob might put in a claim for closer comparison with the 
present one is Rhacophyllitet dioptit Geinmellaro (Sugli fossili degli strati a 
Terebratula Atpatia della contrada Uooee rosse presso Galati, Giorn. di sci. nat. 
edecou. Palermo, 1881, p. 6, Tav. II, tigs. 6-8; VI, figs. 1, 2). 

The specific independence of Rhacophyllitet dioptit lias been questioned by 
C. de Stefani, tireoo, Fucini and Uhlig, who advocated its amalgamation with Rh. 
Nardii Menegh. But in his above-quoted memoir (p. 50) Fucini, disagreeing 
with his former view, insists again on a separatum of the two species, restricting 
the name of Rh. Jfardii to Meneghini's type-specimen from Campiglia (L c. PL 

TO tig. l). 

A comparison between Gemmcllaro'a type-specimen of Rh. dioptit (figs. 6, 7) 
and my Himalayan example is rendered difficult by tho fact that tho first is 
provided with the test, whereas the latter is a oast. The number and strength of 
ribs are somewhat larger in Rh. dioptit, and tho ribs are turned forward mare 
strongly. The entire absenoe of constrictions ha* been remarked expressly by 
Gemmellaro. From our species Rh. dioptit is, moreover, distinguished by the 
opening of the umbilicus near the aperture of its body-chamber whorl, where its 
umbilical suture leaves the normal spiral. 

Two body-chamber fragment* from the Ilierlatz, which have been described 
as Rhacophyllitet of. dioptit by Geyer (Ueber die liasischen Cephalopoden des 
Hicrlatz bei Hallstatt, Abbandl. K. K. Geol. Iteichsanst. XII, p. 223, Taf. I, fig. 20), 
approach our species in the strength and direction of the ribs more closely than 
Geminellaro's type, but are distinguished by tho smaller height and greater width 
of their transverse sections. 

From other congeneric species with ribbed body-cliambers our specimen is 
easily distinguished. Rhacophyllitet Nardil Meneghini —in the narrow circum- 
scription proposed by Fucini (1. c p. IS, Tav. VII, figs. 1-7)— and Rh. iibertm 
Gemmellaro (1. c. p. t, Tav. II, fig*. 1-5) have wider umbilici and deep constric- 
tions. Rh. luttentu de Stefani (Lias infer, ad Arieti, 1. c. p. 57, Tav. Ill, figs. 1, 2) 
and Rh. Quadrii Menegh. ar,* provided with a more dolieatu ornamentation and 
with paulostomatic constrictions affecting both the chambered parts of the shell 
and the body-chaml)er. 

Sutures. — The sutural line of the present speoimen differs from the sutures of 
Rhacophyllitet gigat or Rh. tranttyloanicut by some iusiguificmt details only. 

The siphonal lobe is bifid, very narrow and short, not reaching deeper than 
the middle of the length of the principal lateral lobe. The lateral lobes are 
tripartite. As in Rh. gigat, the arrangement of basal branohes is different in the 
two lobes, the domiciliations adjoining the stem of the principal lateral saddle 
being loss deep than tho Opposite ones. From the first auxiliary lobe the sutural 
line descends towards the umbilicus, thus exhibiting the arrangement of. sutures 
characteristic in typical representatives of Rhacophyllitet. The number of 
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auxiliary lobes could not be ascertained, but I do not think tbat more than three 
could be developed in the last septum preceding the body-chamber. 

The siphminl saddle is lower than the principal lateral one. It is diphyllio. 
The inner terminal branch is higher and larger than the outer one. Fucini 
describes this saddle ns triphyllic, counting the large lateral inner brinch among 
the terminal leav.-s. "With this view I am, however, obliged to disagree, the two 
real terminal pity) la being distinctly laced at their base and thus separated from 
the next lower phylla, which must consequently be considered as lateral, not as 
terminal ones. 

The lateral saddles are diphyllic. The second lateral ssddlo differs from the 
corresponding element in Rh. gigaa by the larger size of the outer lateral brarcb. 
Another subordinate difference consists in the shape of the main saddles, which 
are laced at their bases more strongly in the present example. 



RHAC0PH1LLITE8 SCHOFAJUPORMIS UOV. 8p. Pi. XII, fig. 4. 

This species of Rhacophyllitea represents a very peculiar type, which is 
distinguished by the trumpet-shaped enlargement of its body-chamber in the 
apertural region. 

My type-specimen is a somewhat fragmentary cast, but sufficiently well 
preserved for allowing a satisfactory reconstruction, wbioh is enough to render con- 
spicuous all its external features. In its involution it agrees almost equally well 
with some widely umbilicated species of Phylloceraa (Ph. Srtateri Dicn., Ph. 
peraaitenae Herb.), as with some types of Rhacophyllitea atella Sow., possessing 
comparatively narrow umbilici. It has been grouped with Rhacophyllitea in 
this memoir on account of its abnormal body-chamber. The remarkable change 
in the cross-section of the last whorl is obvious from the following measurements : — 



Di»m«t<r of the »heil 

.1 MM 



Height 
Thickne 



Height ] 
Thick n en) 



1 1 cOTreepondins to a diameter of 62 



96 mm. 

16 . 

30 „ 
11-6 ,. 

33 „ 

II* H 

38 ,. 
48 . 



The last volution begins with a high and stroagly oompressed oross-section 
of a subsagittal shape, the lateral parts converging from the umbilical region, whioh 
corresponds to the greatest transverse diameter, as very flatly arched planes 
towards the narrowly rounded siphonal part. The whorl increases rather rapidly 
ns far as the middle of the last volution, ohanging its transverse section very 
slowly, which turns gradually from a subsagittal into a more regularly oval shape. 
In the vicinity of the aperture the width of the cross-section increases far more 
considerably than its height, and the greatest transverse diameter is shifted 
towards the middle of the volution. Thus a trumpet-shaped inflation of the 
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apertural region is produced, recalling a similar trumpet-shaped opening of 
the aperture in some species of Lytocerat (Neumayr). 

The actual peristome has not been preserved, but oannot have been situated 
considerably in front of the aperture in my cast. 

The surface is entirely smooth, without any traces of folds or paulostomation- 
oonstrictions. 

Suture*.— Not known. 

Fam. : PLEU RACANTRIBAS Hyatt. 

The careful researches of Waehner have acquainted us with a very interest- 
ing stock of Ammonites, which seem to mark transitional stages connecting 
Phyllocerat, Lytocerat and Ptiloeerat, thus proving the common origin of all the 
widely different families of liasio Ammonoidea, the roots of which must probably 
be looked for in the triassic genus Monophyllitee (Mojtvdritet). 

To the groups of transitional forms, combining characters of Phy Hoc eras, 
Lytocerat and Ptiloeerat, a speoial systematic position should be attributed. By 
uniting one of them (Euphyllitet Waehner) with the Phylloceratidce, a second 
one {Ectocentritet Waehner) with the Lytoceratidm and a third one, consisting 
of two more genera (Pleuracanthitet Can. and Analytocerat Hyatt) in the new 
family of Pleuracanthidee Hyatt has not taken sufficient care of their natural 
connection. I should prefer to accept the new family of Pleuracanthidee, which 
has been proposed by Hyatt, as a descriptive term for all groups of forms by which 
the gaps between Phyllocerat, Lytocerat and Ptiloeerat are bridged over in the 
lower liassic age. 

It is very interesting to find representatives of this remarkable family in the 
lower lias of the Himalayas. The presence of two genera at least, Pleuraeanthitee 
and Analytocerat, has been ascertained. The presence of Euphyllitet and 
Ectocentritet is as yet doubtful, although very probable. 



Gen. : Analytooeras Hyatt. 

1900. AnaljtocnHU Hyktt in K. v. Z .ltd, Text-book of Paleontology, Vol. I, OpbaJopxU, p. 668. 
ANALYT0CBRA8 sp. ind. aff. ARTICULATO Sow. PI. X, fig. 4. 

Hyatt has beon fully justified in olevatiog Lytocerat articulatum Sow. (A. 
d'Orbigny, Faleont franc. Terrains jurass. I, p. 812, PI. 97, figs. 10-13) to the 
rank of a proper genus. Although this speoies approaches a typical Lytoceras in 
its external characters, its sutural line differs so remarkably by the tripartite 
arrangement of its lateral lobes that it oannot be left in that genus. 

In the Himalayan collection a single specimen has been found, which exhibits 
so olose a relationship to Analytocerat articulatum that in a better state of 
preservation it might, perhaps, have led to an identification with the European 
fossil. Only the last volution has been preserved, and even this has been seriously 
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injured by weathering. It has the external shape of a typical Lytoceras, with 
whorls increasing as rapidly as in the specimen illustrated by Waehneron PI. VIII, 
fig. 2, of his monograph of lower liassic Ammonites of the eastern Alps (VII, Teil. 
Beitraege zur Palaeont, u. Geol. Oestenr. Ungarns, etc., Bd. IX, 1895). Although 
the surface of the whorl is badly corroded, traces of the original ornamentation are 
visible in the umbilical region of the apertural portion of the body -chamber. The 
sculpture consists of numerous, thin, radiating lines which are occasionally inter- 
rupted by stronger folds. These folds arc smooth, as in Analytocems articulatttm, 
never fimbriate, as in the group of Lytoceras fimbriatum. 
Dimensions. — Not measurable. 

Sutures. — The sutural line agrees very closely with that in full-grown speci- 
mens of Analytocems articulatttm. The siphonal lobe is very short, bifid and 
divided by a low modian prominonoe. The most characteristic element is the 
principal lateral lobe, which shows a tripartite arrangement of its branches, two 
lateral branches being disposed symmetrically to a median one. This arrangement 
of the lateral lobes differs widely from what is seen in a typical Lytoceras, where 
the lobes are divided into two branches by a median secondary saddle rising from 
the base. 

In this character Analytoceras very closely approaches Pteuracanthites and 
Ectocentrites, and thus enters into the series of forms connecting the two families 
of Lytoceratida; and Psiloceratidat. 

The siphonal and principal lateral saddles are diphyllic. Their details have 
been partly destroyed by weathering, but what remains is yet sufficient to show 
that they were arranged on the same plan as the corresponding sutural elements in 
A. articulaium. 

I have not been able to trace the sutural line beyond the first auxiliary lobe, 
which is united with the second lateral saddle into a suspensive lobe. 

One half of the last volution belongs to the body-chamber. The sutural line 
illustrated in the figure corresponds to the last septum. 



Gen. : Pledkacanthites Canavari. 

Pletjracanthites sp. ind. aff. bifobmis Sow. PI. XV, fig. 3. 

Lytoceras biforme Sow. has l>een elevated to the rank of the prototype of a 
proper genus by Canavari (Atti. Soc. Toscana soi. nat. Froc. verb. Ill, 1883, 
p. 279). The distinctive characters of this new genus, for which the name 
Pteuracanthites was proposed by its author, have been studied in detail by 
Waehner (Beitraege zur Kenntnis der tieforen Zonen des unteren Lias, etc., VII, 
Toil, Beitr. Palasont. u. Geol. Ocsterr. Ung., etc., IX, 1895, p. 27). According to 
his diagnosis this genus is distinguished from Lytoceras, with which it agrees in 
its general shape and involution, by the presence of a long body-chamber com- 
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prising more than one entire volution, deep lateral sinuses or erescentie 
tubercles, and indistinctly developed si phonal crests. 

A species agreeing in all these characters of generic importance with the 
European prototype of Pleuraeanikitet is represented in A. v. KrafTt's collection 
by a single specimen, which, although incomplete, is sufficiently well preserved to 
permit a safe determination. 

In its involution the present example agrees best with the Alpine type, 
distinguished by whorls increasing rather rapidly in height and thickness. The 
cross-section of the inner whorls recalls very strongly that in Waehner's speci- 
men from Schreinhach illustrated in PI. IV, fig. 1, of his memoir. It is nearly 
elliptical, with an obtusely rounded siphooal edge, hut is considerably thicker than 
high. In the last volution the height increases more rapidly than the width. At 
the same time the siphooal crest becomes obsolete and the greatest transverse 
diameter is shifted gradually from the middle of the flanks towards the umbilical 
region. This chango in the shape of the body-ohaml>er is restricted to the vicinity 
of the aperture, and is a feature of specific distinction between our form and 
Pleuracanthites bifortnit (Sow.) Canavari (Beitr. z. Fauna d. unteren Lias von 
Spezia, I'ahcontographica, XXIX, p. 156, Taf. XVII, figs. 8-11), in whioh the 
shape of the cross-section is not subject to any variation throughout its entire 
length. 

The actual peristome cannot have been situated far from the aperture of 
my specimen, the last traces of septa being visible in the third quarter of the 
penultimate whorl, ily specimen was certainly provided with a long body- 
chamber, exceeding the last volution in length considerably. 

The ornamentation is not very strongly marked in my specimen, hut this 
character may be due to its state of preservation, the surface of the cast having 
been injured by weathering. Sinuses corresponding to paulostomes are, however, 
noticed at several places in the penultimate and last volutions. They agree 
exactly with the corresponding sculptural elements in Pleuracanthites biformis. 
In the penultimate whorl they are even combined with broadly elevated, orescent- 
shaped knobs or folds, exactly like those in the inner volutions of TVaebner's 
type-specimen from Schreinbach illustrated on PI. Ill, fig. 2. 

In the body-chamber a gradual obliteration of the sculpture is marked by the 
absence of concentric folds. In the vicinity of the aperture, where the surface 
of the cast has been preserved satisfactorily, two delicate paulostomatie stripes are 
exhibited, forming deep sinuses with their convexities turned backwards. 
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Suiure$.—0{ the sutaral line the siphonal and principal lateral lobes and the 
siphonal saddle only are known to me. They seem to agree very closely with the 
corresponding elements in Ft. bi/ormit. 

The siphonal lobe is short, very narrow and provided with a high median 
prominence. The siphonal saddle is richly ramified and its terminal phylla are 
comparatively small. 

Gen. : Euputllites Waehner. 

Exjphtllitks sp. ind. (?) PI. XV, fig. 5. 

The materials of the genus Eupkyllilet in A. v. KraftVs collections are very 
scanty indeed, and I have as much hesitation in plaoing them in this genus as in 
venturing on their genoric determination at all. Nevertheless I think it 
advisable to mention them hore as by them the presence of an Ammonite in the 
liassic crags of Malla .lobar is indicated, which in its external characters seems to 
show a close affinity to the smooth variety of Euphyllite* Slruckmanni Noumayr 
(Zur Kenntnis der Fauna del unterstcn Lias in den Nordalpen, Abhandl. K. K. 
Gool. Rcichsanst. VII, p. 36, Taf. VI, fig. 5). 

My specimen is a cast of the body-chamber comprising exactly one half 
volution, with fragments of the penultimate whorl adhering to it. In its involu- 
tion it takes a position intermediate between some triassic species of Discophyllites 
(D. neojwensis Qncnst.) and Enphyllites Slruckmanni. A reconstruction of its 
outlines make* me suppose that tho width of its umbilicus was 32 mm., cor- 
responding to a diameter of 85 mm. But in the shape of the cross-section there 
is a complete agreement with the typo-specimens of E. Struckmanni, as illustrated 
by Waehner (Beitraege zur Kenntnis der tiefercn Zoncn des unteren Lias in den 
nordostl. Alpen, Bcitr. Palaeont u. Gool. Oestcrr. Ungarns, etc., XI, p. 170, 
Taf. XXII, figs. 1-8 ; XXIII, fig. 1). The latoral parts are perfectly flat, running 
parallel and passing gradually into the rounded siphonal part, whereas they are 
separated from the steep umbilical wall by an obtusely rounded edge. The propor- 
tion of height and thickness is 34 : 24 mm. 

The surface of the cast, which has been partly injured by weathering, is 
entirely smooth. 

The present cast has boen broken off, unfortunately, in front of the last 
septum. Thus the terminal leaves of the two Interal saddles only have been pre- 
served. They are largo and rounded elliptioally as in Priloceraa or in Schistophyl- 
loeeras Vermeesente Herb. 

... 
Gen. : Ectocentritbs Waehner. 

Ecioc ent bites sp. ind. (aff. AXTivoRxis Bon.?). 
A body-chamber fragment of largo dimensions reminds me of the equally- 
sized example of Ectocentritet alttfcirmt Bonarelli (Oefalopodi sinerauriaui del 
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Appennino oentrale, Palaeont. Ital., 1899, V, p. 73, Tav. IX, figs. 4-6) from the 
lower lias of Monte di Cetona, which has been illustrated by Fucini (Palteont. Ital., 
VII, 1901, TaT. XIV, fig. 1). The cast is strongly weathered and not worthy of 
illustration. The cross-section is Buboval and compressed, a height of 55 mm. 
corresponding to a width of 39 mm. Tho external part is regularly rounded 
and passes into tho flattened lateral parts without any intervention of a distinot 
umbilical shoulder. The umbilical wall is high and steep and unites with tho 
flanks in a sharply rounded margin. 

The sculpture consists of numerous ribs, which are disposed rather irregularly. 
Tho prosenco of marginal tubercles could not be ascertained. The siphonal part 
was undoubtedly smooth. 

A more minute description of the present cast is precluded on account of its 
insufficient state of preservati on. But it is nevertheless interesting to establish the 
fact, that the genus Ectocent riles is probably also represented in tho Himalayan 



Fain. : AMALTDEIDA? Fisch. 
Gen.: Oxynoticeras Hyatt. 

OXYMOTICERAS Sp. Hid. ex aff. GREENOrGHI Sow. PI. X, fig. 5. 

The fragment of a body-chamber is comparable by its shape and sculpture with 
Oxynoticeraa Ouibalianum D'Orbigny (Pale >nt. francaise, Torrains jurass, I, p. 
259, PI. 73) or with O. Oreenoughi Sow. (Wright, Lias Ammonites, Palasont. Soc, 
p. 387, PI. XLIV, XLV). It belongs to a moderately compressed and sharply 
carioatcd ammonite, whose surface was covered with numerous undivided ribs. 
The transverse section agrees best with that of tho species from Adneth, identified 
with 0. Oreenoughi by F. v. Hauer (Cephalopoden aus dem Lias der nordcestlichen 
Alpen, Denksohr. Kais. Akad. d. Wiss. XI, 1856, Taf. XII, fig. 1). It is lanceolate 
and compressed less strongly than in O. oxynotum Quenst., from which it differs 
also in its ornamentation. Tlte flanks, whioh are moderately convex, meet at an 
angle of 60 degrees. The keel is acute. 

The umbilical region having beon completely destroyed in my fragment, 
nothing can be said about its involution. Notwithstanding its defective condition 
it is sufficient for certifying the presence of the genus Oxynoticeraa in the liassio 
fauna of the exotic blocks of Malla Johar. A specific determination is impossible, 
because the fragment represents a stage of growth in which nearly all species of 
Oxynoticera*, as distinguished by Hyatt (Genesis of Arietida, Smithson. Instit., 
1885, p. 214), are still provided with acute keels. 
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Fam. s jECOCZltJTIDJg Ncum. 



Gen. : Sculotheihia Bayle. 

Schlotueimia sp. ind. ex aff. trapezoidalis (8ow.) Can. PI. XV, fig. 2. 

This is a typical species of the genus Schlotheimia, with slowly increasing 
whorls, a wide umhilicus and with radial ribs, which on the sipbonal part are 
interrupted along a median furrow whore they terminate from either side in 
stout, ktiob-shaped elevations. The ribs are not turned forwanl in tho vicinity of 
the siphonal margin, as in the majority of species belonging to tho group of Schl. 
angulata, but mo<*t one another from either side of the external furrow in a 
straight line. This character is known in Schl. Channussei d'Orb. of extra- 
Alpine, in Schl, trapezoidalis, Schl. ventricosa Sow. and Schl. postlaurina Waehn. 
of Alpine species. 

Among those specks Schlotheimi<t Charmassei shows a less near affinity to the 
present form than the Alpine typos, especially Schl. trapezoidal is (Sow.) Canavari 
(Unt. Lias von Spezia, Palaaontographica, XXIX, p. 1G5, Taf. XVII, figs. 8, 9). 
Although the only Himalayan specimen available for examination is, un- 
fortunately, fragmentary, it permits a satisfactory reconstruction of its shape and 
sculpture, sufficient for a closer comparison with Schl. trapezoidalis, which is well 
known to us from the c ireful studies of Waehner (Beitraege zur Kenntnis der 
tieferen Zonen des unteren Lias, etc., Beitr. z. Palarcnt. Oesterr. Ungarns, etc., IV, 
p. 185, Taf. XXIII, figs. 1-4 ; XXI, fig. 6). 

In its general shape and involution my Himalayan specimen differs from Schl. 
trapeeoidalis by its more slowly increasing whorls and by its wider umbilicus. In 
these external features it reminds us rather of Schl. Donar Waehner (1. c. p. 172, 
Taf. XIX, figs. 4 ; XXI, figs. 1, 2) or of Schl. extranodosa Waehner (1. o. p. lG8,Taf. 
XX, figs. 7-H), than of Schl. trapezoid alt*, but from both species it differs 
essentially in its sculptur.;. The lateral and siphonal parts are nearly flat, impart- 
ing to the cross-section a rectangular outlino, with rounded-off angles. 

The sculpture consists of single ribs. As far as the defective state of preserva- 
tion renders the ornamentation visible, no dichotomous ribs have been noticed. 
The ribs are of moderate strength, almost perfectly radial, with a very small forward- 
turned goniculation near the siphonal margin. They originate at the umbilical 
margin as delioate folds, but increase in strength considerably, while crossing 
the lateral parts, till on the siphonal area they swell into stout, knob-shaped 
elevations, whioh stand opposite each other on both sides of the external 
furrow. It is this character of ornamentation whioh imparts to the Himalayan 
species a similarity with Schl. trapeeoidalis. 
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61mm. 

,. „ „ ombiliew ** „ 

Sutures.— The last septum aeparatin? the body-chamber from the preceding 
air-chamber i9 exposed ia rough outlines. Only the siphonal lobe and saddle are 
known in detail. Siphonal lobe narrow and divided by a high median prominence, 
each wing terminating in a single sharp point, very similar to the corresponding 
sutural element in Schlotheimia Donar, as illustrated on Taf. XIX, fig. id. of 
Waehner'a memoir. Prinoipal lateral saddle united with ihe following elements 
into a suspensive lobe. 

One-third of the last volution belongs to the body-chamber. 



Schlotueimia nov. sp ind. PI. XI, figs. 5, 6 ; XV, fig. 4. 

This species is nearly allied to the preceding one, from which it differs chiefly 
by its strongly inflated whorls and by its coarser sculpture. The ribs arc high, 
acute and rarely dichotomising. As in the preceding species, they arc turned for- 
ward very little in the vicinity of the marginal shouldor. 

The cross-section is oval, the lateral parts being gently curved, not flattened. 
The whorls increase slowly and surround a wide, open umbilicus. A more minute 
description of this species is precluded, on account of the fragmentary state of the 
casts available for examination. 

Dimensions— Not measu rable. 

Suture*. — Not known. 

StilLOTHEIMIA. Sp. ind. aff. MABMOKEA Opp. PI. XIV, fig. 5. 

A fragment of a chambered cast of a large Schlotheimia shows its affinity to the 
Alpine group of Schl. marmore* Oppel (Paheontologisohe Mitteil. aus dem Museum 
des bayr. Staates, 1862, p. 130) by its sutural line, which is extremely complicated, 
much more so than ia any of the extra-Alpine representatives of this genus. It 
only needs a comparison of the sutural line of my specimen with the illustration 
given by Wachncr on PI. XXII, fig. lc, of his " Beitraegc zur Xenntnis der 
tieferen Zonen des unteren Lias in den nordoestlichcn Alpen" (Beitr. Palaeont. 
Oesterr. Ungarns, etc., IV, 1836;, to see that we have to deal here with a species 
which is very nearly allied to Schl. marmorea. That the lobes are less broad in 
proportion to the saddles, cannot be considered as a distinctive feature of im- 
portance, as this character is subject to a remarkable variability in Schl. marmorea. 
Aa has been stated by Waehner, individuals with low whorls are, as a rule, 
provided with more slender and deeper lobes than types with 6trongly compressed 
and high volutions. 
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The median prominence is high, broad and strongly serrated. The sipbonal 
lobe is deeper than in Schl. martnorea, taking an intermediate position between the 
median and lateral indentations of the principal lateral lobe. The two wings of 
the siphonal lobe diverge very strongly. From the base of the siphonal saddle 
an accessorial branch is cut off by a very deep indentation. This branch is con- 
spicuous by being less deeply serrated than the rest of the branches and by the 
rounded off lines of it- secondary indentations. It corresponds exactly to the 
massive branch at the base of the outer margin in the siphonal saddle of Schl. 
marmorea, but it is provided with larger denticulations. 

The siphonal saddle is very richly ramified and reolines towards the prin- 
cipal lateral saddle, whioh is the higher one. In both saddles the branches of the 
outer margin are considerably larger and developed more richly than those of the 
inner one. 

The second lateral lobe is very short and united with the following sutural 
elements into a suspensive lobe. The sutural line, as illustrated in fig. 5, is not 
accessible beyond the second lateral lobe, but on the other side or my cast two 
auxiliary lobes nre exposed, although the sutural line has there been strongly 
injured by weathering. 

In its external features this fragment does not differ considerably from equal- 
sized specimens of Schlotheimia marmorea. But it must be borne in mind that a 
closer comparison is, unfortunately, excluded by its fragmentary condition. 
Neither the rate of involution nor the cross-section of the whorls are known to me. 
The lateral parts are flatly curved and covered with numerous ribs of moderate 
strength, which are provided with acute edges. In the marginal region they are 
directed forward more strongly than in Schl. Charmaatei d'Orb., but a little less 
strongly than in the typical Schl. marmorea. There is no distinct siphonal 
furrow developed in the middle of the external part, but only a smooth zone, 
along which the ribs nre interrupted. They do not correspond exactly along 
both sides of this zone. 

Among the specimens of Schlotheimia marmorea illustrated by Waehncr it is 
the middle-sized type from the Kammerkaralpe (1. c. Taf. XXII, fig. 2), which 
agrees best w»'th onr example in the sbapc of the siphonal part. 

The fragmentary condition of this specimon dot's not allow of any measure- 
ments of it* parts. 

Gon. : JtOOCBSAS Waagon. 

JEgoceras sp. ind. (ex all. bifkr Quenst. ?) PI. XIV, fig. 6. 

I have mentioned this poorly preserved fragment of the aide of an outer whorl 
as the only representative of the genus Jlgocerae Waag. in the fauna of 
exotic blocks Xos. 16 and 17. It is, however, not sufficient to enable me to come 
to a tolerably certain conclusion about its specific position, although it might 
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perhaps be placed near JBg. bifer Qucnstodt (Ccphnlopoden, p. 83. Taf. IV.fig. 14, 
Der Jura, p. 103, Taf. XIII, figs. 11-13. Ammoniten ries sehwrcbischen Jura, I, 

Lias, p. 169. Taf. XXII, figs. 7-27). 

The whorl is sub quadrangular, with the external part well rounded. 1» umber 
of ribs small, about fifteen in the circumference of an entire volution. Ribs short, 
9 traight and stout, elevated into obtuse knobs near the siphonal margm. Knobs 
connected by low bridges, which cross the siphonal area, but not by distinctly dc- 
XpeT external rhombi. Tbe fragment cannot be attributed therefore to the 

croup of uEg. planicosta Sow. 

The regular character of ribs in our fragment seems to distinguish it from full- 
■sized meatman of Mtt* bifer as illustrated by Wright (Monograph on the Lias 
^22TZ^J^. Soc London XXXIV. PL XXVI figs. 1-4) in a 
very remarkable way. But these characteristic features of the Euro,>ean species 
3 . ~j ;„ u+Pr et^fis of irrowtb. Youn S examples possess straight, 



are only developed' in later stages of growth. Youn S examples pc 
rdiX dirccte/ribs. which are connected by low. forward-curved bndges across 



i specimen reminding us of the present fragment .n its external features and 
sculpture has been described from the lower lias of the H.erlatz : as ^g. tnfer by 
Cover (Uebcr dio liasischen Cephalopodcn d- Hierlatz 1m Hallstatt Ah hand 1. 
K K G^ol Rc chsanst. XII. p. 2G0, Taf. Ill, figs. IS. 19). From this and from 
tt e' q "d specimen of W** Qucnstedt A—, 

etc., Taf. XXII, fig- 20) our specimen seems to differ only by its external tulges 
beine lower and 'by Its ribs being stouter and broader. 

If wc take into consideration that this habit represents a mode of variation, 
which is likely to be developed still more strongly in later stages of growth, the 
independent position of the present form cannot well be doubted. 

Fam.: ARIET1DJ! v. Zittel. 
Gen.: Artbtites Waagen. 

I am in accordance with the views of Waehner, K. v. Zittel, Bo.se and Uhlig 
• the sub^nerio divisions of the genus Arietites, which have been 

" 3 Arietid*, Smithson.Instit. lS89) and in fining 

proposed oy y ^ forms> whkjh are provlded wlth 

"dial ^ 

keCl This Kenus is rather richly represented in the Himalayan lias. In the follow. 
ing SSEL four species have been enumerated, but 

probably larger, the defective state of preservation not permitting of specific 
which are well known to us from the careful researches of Waehner. 
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Aribtitrs of. Coregonbhsis (Sow.) Can. PI. XIV, fig. 2 ; XV, fig. 1. 

JBgocenu Congoneiue Canarui, Beitre>ga zur Fauna dn not. Ltu Ton Sprzi*. Pal*ontojr»phira 

XXIX. p. 173, T»f. XIX. figs. 12-15. 
ArUlUet Gircfoneiitit Wnehner, Utitnag* tur KvnnttiU der titiarro Zonen d«i ant. Li - in dm 
nordowtl., Alpen, V, Thetl. Hritrage tat P.iljoont, Ortt«rr. Uii.-nn-i •te., VI, p. 311, T»f. XXI, 
fig*. 1-3; XXII, fig*. 1-1, XX1U, fig*. 1-4; XXIV, fig*. 1-6. 

This remarkable species is represented by two fairly complete specimens. The 
smaller example is ablo to make up for the deficiency of the inner volutions in the 
larger one. Por their comparison with the Alpine form numerous examples from 
the lower lias of Adneth, Brcitenborg and Enzesfeld have been available to me, 
among them some of Wachncr's type-specimens. 

In the larger specimen the whorls overlap one another but very little. 
The last and penultimate whorls differ considerably in the shape of their cross- 
sections. At the beginning of the last volution the transverse section is broader 
than high and provided with rounded sides. In the last volution the lateral parts 
become flattened gradually, and the height increases more rapidly than the width. 
In the penultimate whorl the greatest transverse diameter is situated in the middle 
of the flanks, wheroas in the last volution it is shifted gradually towards the 
umbilical margin. At the same time the siphonal area is reduced in width and its 
marginal shoulders are formed by tho lateral keels, accompanying the two deep 
external channels, whereas at tho beginning of the last whorl the median keel and 
the accompanying channels occupy only the middle zone of the siphonal area, 

In all these characters my specimen agrees exactly with equal-sized 
examples of Arietitea Coregonensis. 

Throughout the entire last volution the median keel and the external furrows 
or channels are well deGned. Tho latter are bordered on the marginal side by 
distinctly developed ridges, which become acute in the vicinity of the aperture. 

The lateral parts of the last and penultimate whorls — of tho inner volutions 
nothing has boon preserved in this specimen (PI. XIV, fig. 2)— are covered with 
very numerous, radiating ribs, which aro narrower than the iutercostal furrows, 
strongly elevated and sharp. Only in the vicinity of the aperture they are some- 
what flattened. Their direction is radial or slightly turned backward. Before 
reaching the marginal shoulder they describe a flat curve, with its concavity turned 
forward. There are about seventy rihs counted within the circumforcnce of the 
last volution, corresponding to a diameter of 125 mm. The same number is given 
by Waehner for the last volution of an Alpine specimen of equal size (PI. A XI I, 
fig. 1, p. 317). 

A satisfactory idea of the shape and sculpture of the inner volutions of the 
Himalayan form may be gathered from my smaller specimen (PI. XV, fig. 1), 
which is probably entirely chambered. 

In its transverse section this specimen reoalls very strongly tho variety 
illustrated by Waehner on Pi XXIV, 6g. 6. It is comparatively high-mouthed, 
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and provided with a strongly compressed, nearly rectangular cross-section. Both 
the lateral parts and external area are remarkably flattened. Considering its small 
dimension 1 *, the keel and the lateral channels are developed Tery strongly. Second- 
ary keels bordering the marginal sides of the channels are distinctly defined. 

The number of ribs is very large. Not less than 64 ribs are counted within 
the circumference of the last volution, corresponding to a diameter of 67 mm. In 
the penultimate whorl of the specimen illustrated by Waehner on PI. XXII, fig. 1, 
59 ribs have bean counted within a circumference corresponding to the same dia- 
meter. The ribs are straight, exactly radial, very slender, and slightly elevated 
near the marginal shoulder where they become obliterated very rapidly. The ©ster- 
nal area having been partly injured by weathering in my specimen, I cannot say 
whether or not they do meet the marginal ridges in a forward-bent curve. 

Dimensiont. 

PL xiv, fig. a. pi. xv. fi,. i. 

Diameter of On »b«U . . .116 mm. . . 6* mm. 

M n j| nrobilicui . . 77 „ . . 3fl'5 ,. 

TblokDeu }nfc.**.r g : : : IT: 

SL J.tth,b,gi„„i»,o£th.i-ivo«,io«. . in - : ; i 

Sutures —Sot known in detail. 

Remarto.— My speoimens agree so closely with Arielites Coregoncms from the 
zone of Schlotheimia marmorea in the Alpine lower Has, as illustrated by 
Waehner, that I do not hesitate tounito them with that characteristic species as cf. 

As this identification is of special importance for a correlation of the Ilimal- 
ayan lias with the deeper stage of the lower lias in Europe, I shall pass in review 
such species of ArietHe» characteristic of the higher stage of the Alpine lower lias 
m might put in a claim for a closer comparison. In this respect our examina- 
tion can be restricted to the group of forms which have been included in the genus 
Fermiceras by Hyatt, and in the subdivision 0, by A. v. Sutnerin his systematic 
table of Arietida: as published by Boese (Zeitsohr. Deutsoh. Ocol. Ges. XLVI, 
1891, p. 721). In this subdivision the groups of A. tardecreacetis v. Haucr and of 
A. Contfbeari d'Orb. must ho taken into consideration, but all species belonging to 
these groups and characteristic of the higher stage of the lower lias are provided 
with ribs which are turned forward, even in the inner volutions. This character 
distinguishes our specimens at once from A. bavaricua Boesc (1. c. p. 72$, Taf. 
LVI, figs. 1, 2) or from A. Bothpletzi Boese (L c, p. 730, Taf. LVI, figs. 5, 6), 
which otherwise show a considerable resemblance in the external shape and in the 
number of ribs. 

AaiEriTiSs nov. sp. ind. ex aff. Coregohemsis Sow. PI. X, fig. 6. 

This fragment of an outer whorl must be separated from Arittitfia Coregonetuia 
■on account of its very low and broad oross-section. A height of 20 ram. corre- 



Digitized by Google 



UPPER.TRIAS8IC AND LI AS SIC FAUNJ3. 



91 



sponds to a transverse diameter of 28 mm. In its outlines the transverse seotion 
resembles that of the last volution in large examples of Arietites Coregonenei*. 
The greatest transverse diameter coincides with the umbilical margin, which is 
distinctly defined. Prom this place the lateral parts converge in flat curves 
towards the external part, which is remarkably narrow and occupied entirely by 
the very strongly developed keels and channels. The median keel and the two- 
secondary marginal ridges are of equal height and rounded above, not ncuto. 

The sculpture agrees with the ornamentation in A. Coregonensis. The ribs 
become obliterated very rapidly in the vioinity of the marginal ridges, where they 
are curved forward very slightly. 

The deficient state of this fragment renders an exact determination impossible, 
but the character of ribs and the shape of the cross-section point to a species closely 
related to A. Coregoneima. The great thickness of the whorls and the strong 
development of keels and channels might perhaps suggest a comparison with the 
group of A. Bucklandi Sow., but an affinity with that group is excluded by the 
different shape of the cross-section and by the absence of marginal swelling of 
the ribs. 



Abietites iumalatantjs nov. sp. PI. XIV, fig. 4. 

This fragment of the outer whorl and of a small part of the preceding volution 
belongs to a species which, in the general shape of its disc, is related to Arietites 
Boesei Uhlig, whereas in its sculpture it exhibits a close affinity to A. Conybeari 
Sow. and to A. Cordieri Can. 

As has been stated by Waehner in his excellent description of Arietites 
Cordieri (Beitraege zur Kenntnis der tieferen Zonen des unteren Lias in d*n 
nordoBstl. Alpen VI, Theil, Beitr. i. Palseont Oesterr. Ung. etc, VIII, p. 250, Tnf. 
XVII, figs. 1-4 ; XVIII, figs. 1-6), our knowledge of the British species A. Conybeari 
is restricted to Wright's description and illustration of a single specimeu of very 
large size (Monograph of the Lias Ammonites 1 Pt. Palseontogr. Soc., London, 
XXXII, 1878, PI. II, figs. 1-3), rendering a comparison with moderately sized 
types very difficult. Nevertheless it is obvious from Wright's illustration that our 
Himalayan specimen agrees with A. Conybeari, exactly in such features as aro 
characters of distinction between the British species and its Alpine representative 
A. Cordieri. The ribs, which originate in the umbilical suture, run 
across the umbilical wall and the lower portion of the flanks obliquely backward, 
and turn gradually into a radial direction in the marginal region of the lateral 
parts. Here they swell into knob-shaped elevations, which aro not, however, 
actual tubercles, and terminate abruptly in front of the marginal ridges. The 
extremities only of these stout ribs are turned forward slightly in uniting with 
the marginal ridge, 

A specimen of Arietites longidomAt Quenstedt (Ammonitcn des sohwsebiscben 

h2 
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Jura I, Lias, Taf. VI, fig. 1) in the collections of our University's Palseontological 
Museum shows exactly the same type of sculpture as my Himalayan example. In 
both of them the ribs terminate stiffly opposite the marginal ridges, and their 
extremities are not protruded along the latter for any considerable distance. 

The external sculpture is very strongly marked. The marginal ridges aro 
well defined, the channels deeply excavated. The median keel is high and ele- 
vated considerably above the marginal ridges. 

My specimon differs both from Arietitea Conybeari and A. Cordieri in the 
shape of its transverse section, which is slender and strongly compressed. In the 
last volution a width of 19 mm. corresponds to a height of 22 mm. But a charac- 
ter still more remarkable is the compressed shape of the penultimate volution, in 
which the corresponding measurements are 9 and 12 ram. In order to find similar 
proportions, we aro obliged to look to the group of Arietitea romanictta Uhlig. 
In this group it is especially A. Boeaei Uhlig (Ucber eine unterliasische Fauna 
aus der Bukowina, Abhsndl. d. med. naturw. Vereina Lotos, II. p. 29, Taf. I, fig. 
6) which resembles our species in the shape of the liii?h and oval cross-section. 
But any closer affinity with the group of A. romaniata is excluded by the 
difference in their sculpture In A. Boeaei the ribs are directed forward from 
their very origin at the umbilical suture, whereas they are turned backward 
strongly in the umbilical region of my Himalayan form. 

Taking into consideration the remarkable cross-section of the presont species, 
which is combined with a sculpture characteristic of the group of A. Conybeari, its 
independent position cannot well be doubted. On the strength of this fact I have 
ventured to introduce a new specific name for a fragment, which otherwise should 
not have been chosen for a type-specimen. 

8overal fragments of inner volutions are referable with some probability to 
this new species. 

Dimenaiona. — Not measurable. 

Suturea —Not known. 



Arietitbs nov. sp. ind. ex aff. rotiformis Sow. PI. XIV, fig. 3. 

A small fragment of an outer whorl, consisting of four air-chambers, shows a 
great resemblance in its shape and sculpture to the group of Arktitea rotiformia 
Sow., which, according to Waehner, is represented very lichly in the lower lias of 
the north-eastern Alps. 

As there is only a single, small fragment available for examination, nothing 
definite can be said about the involution of the complete shell. But, to judge by 
the proportions of the cross-section and by the ourvature of the outlines, it seems 
to have bron a type with very low, slowly increasing volutions and with a wide 
umbilicus, comparable, perhaps, to AVaehner's type-specimen of A. rotiformia var. 
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rotator Reyn<Ss, illustrated in PI. II, fig. 1, of his beautiful monograph of the 
Alpine Ammonites of the deeper zones of the lower lias (Part VII, Beitr. zur 
Palteont. u. Geol. Oesterr. Ungarns, etc., IX, 1895). 

The transverse section is of trapezoidal shape, with flattened lateral and 
external parts. The greatest transverse diameter corresponds to the siphonal 
margin. The whorl is thicker than high, if the measurement is taken along the 
stout marginal tubercles. In my specimen a height of 19 mm. corresponds to a 
width of 21 mm. taking the distance betwoen two opposite marginal tubercles as 
transverse diameter. 

Keels and ohannelsare well defined. The median keel surpasses the marginal 
ridges in height. 

Six stout transverse ribs are counted in my fragment. Their direction is 
radial, with the exception of the umbilical wall where they are slightly turned 
backward. They are elevated into strong tuboroles along the external margin. 
A second elevation on a considerably smaller scale is noticed in the lower third of 
the lateral parts. The marginal elevations protrude more strongly than in 
any of the equal-sized specimens of A. rotiformi*, as illustrated by Wachner. 
Thoy are even more stout and massive than in the example illustrated by E. v. 
Ilauer (Cephalopodon aus dem Lias der nordoestlichen Alpen, Denkschr. Kais. 
Akad. d. Wiss. XI, l w 56, Taf. I, fig. 1). The stout tubercles terminate abruptly 
in front of the marginal ridges. 

Suture: — The sutural line has been excellently preserved. It differs from 
the sutural line of the typical Arietitea rotiprmis by its short siphonal lobe, by 
the dimeroidic character of tlie siphonal saddlo and by the general height of the 
saddles. 

In all the typical shapes of A. rotifor/ni* the siphonal lobe extends beyoad 
the principal lateral by about one-third, whereas in my specimen the two lobes 
are of equal depth. In this character as well as in the dimeroidis division of 
the siphonal saddle my Himihyan form appears to be nearly allied to A. Leffneri 
Oppel (Palaeont. Mittheil. aus dem Museum d. bayr. Staates, I, p. 131, Taf. X, 
fig. 1). Their sutural lines agree, indeed, very closely and differ only in some 
subordinate details, especially in the more equal dimensions of the two secondary 
saddles, into winch the siphonal saddle of the Himalayan species is divided by the 
secondary median lobe. 

Taking into consideration the close agreement of the sutural lines, I should 
not hesitate in referring our Himalayan form to A. Beffnen as c/., had not the 
differences in the sculpture and shape of the cross-section peremptorily required 
its isolation. A. Defl'aeri is a high-mouthed species with a rectangular cross-section 
and more numerous ribs, anl is therefore in this respect allied to our species less 
closely tuan A. rotiformis. 

The Himalayan spacies described here seems to represent a very interesting 
type of Arietitea, combining the external characters of A. rotiformia with the sutural 
line of A. Deffneri. 
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CONCLUSIONS. 

The fauna of exotic blocks 16 and 17 consists of the following forms— all 
of them Cephalopoda :— 

Dibranchiata. 

1. Atractitet tp. ind. 

Ammonoidea. 

2. PhgUoeeras Montgomery nov. tp. 

3. „ Sclateri MOV. tp. 

i. „ nov. tp. aff. Selateri. 

5. „ Hortefieldii nov. tp. 

6. „ Ctldweilii nov. $p. 

7. „ sp. ind. aff. Dieneri Roeenbg. 

8. „ {Schittophgllocera*) mongoUenm nov- tp. 

9. Rkacophfllites cf. giga» Fucini. 

10. „ tekofari/ormit not. »p. 

11. Enpkyllites tp. ind. (/) 

12. Analytoeerat ip. ind. aff. ariieulalo Sow. 

13. Ectocenlrite* tp. ind. {aff. alli/ormit Bon. ?) 

14. Pleuraeantkitet tp. ind. aff. bi/ormt Sow. 

15. Ojrynoticerat tp. ind. aff. Greenougki Sow. 

16. Sehlotkeimia sp. ind. ex aff. Irapezoidalit Can. 

17. „ q>. ind. 

18. „ »p. ind. aff. marmorea Opp. 

19. Aegoeerat tp. ind. (ex aff. bifer QuensU ?) 

20. Arielitet tf. Coregoneniit (Sow.) Can. 

21. „ nov. tp. ex aff. Cortgonenti* Sow. 

22. „ himalayannt nor. tp. 

23. „ nov. *p. ind. ex aff. rotiformis Sow. 

Among the ammonites the genus Phyllocerat predominates both in the number 
of species and individuals. It is interesting to compare the distribution of genera 
among the number of fossils which have been actually collected by A. v. Krafft. 
His collections from exotic blocks 16 and 17 contain altogether 87 specimons 
of ammonites which permit of a generic determination. Among them 
Phyllocerat is represented by 61, Bhacophyllitei by 2, Arielitet by 20, 
Schlotheimia by 8, and tho rest of the genera each by one single individual only. 
This enormous predominance of Phyllocerat imparts to our Himalayan fauna a 
decidedly Alpine aspect, and distinguishes it at a single glance from all lias*ic 
fauna of middle-European habit. 

The Alpine type of this liassic fauna shows itself immediately and indubit- 
ably, not only in the preponderance of Phyllocerat, but also in the close affinities 
of the majority of Himalayan species with Alpine forms. There is not one single 
species in this fauna which bears a distinct local character. Of the striking 
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peculiarities which distinguish the triassic cephalopod faun® of the main region 
of the Himalayas from the homotaxial faunto of the Mediterranean region, 
nothing is seen in the present fauna. No palseontologist would be astonished 
if it had been found in Sioily or in Greece instead of on the Tibetan frontier. 

Among speoies indicating ycry olose specific relationships with European 
forms the following may he mentioned :— 

Vhyllocerat Montgomeryi — Ph. ptnantnt'. Herb. 
Phjllocerat Scloteri—Pk. Lipoid! Hau. 
Phyltoecra-i MongolicnM-Ph. Vermatente Herb. 
Rhacophyllilet cf. gigas Fuidni. 
Analytoctra* *p. ind. aff. articulato Sow. 
PleuraranthiU* *p. ind. aff. biformi* Sow. 
Sthlotheimia tp. ind. aff. marmorea Opp. 
Arietitei cf, CortgoHetuit (Sow.) Can. 

Arietitei himalayanus — •f^' ^. une ^ _ 
J {.A. Conybeart Sow. 



ArittiU, nov. »p. aff. roti/ormu- { A J fl{j£,„- 



This list would probably have been still larger, if the Phyllooeratidm of 
the deeper zones of the Alpine lower lias had been submitted to an examination 
as detailed and careful as the representatives of other families of Ammonoidea. 
But, unfortunately, a large number of Alpine types of Phylloceraa of lower liassic 
age are as yet but very imperfectly known. 

Particularly striking is the faot that the genera Anahjtoceraa, Vleuracanthite* 
and probably even Euphyllitea and Ectocentritea, which are remarkable as connect- 
ing links between the families of Lytoceratidx, Phylloceratidee and Pailoceratidat, 
are also represented in this fauna, although they are of very rare occurrence. 

That the fauna of exotic blocks 16 and 17 bears the stamp of lower liassic 
age, as has been noticed by A. v. Kraff t, is shown by the association of genera aa 
well as by the affinities of its species to European ones. But the faunal guidos 
are yet sufficient for a more exact determination of the ago. 

The specific similarities of the majority of species paint to a correlation with 
the lower stage of the lower lias. I need only emphasize the presenoe of Arietitea 
cf. Coregonenaia Sow., of a seoond spocies of Arietitea, oombining characters of 
A. rottformia and A. Beffneri, of a species of Phylloceraa belonging to the group 
of PA. (Schiato phylloceraa) Uermceaenae Herb., of tha genera Analytoceras and 
Pleuraoanthitea, and the rich oocurrence of Sehlolheimia, which is represented by 
at least three species, one of them nearly allied to Schl. marmorea Opp. 

The relationship to the fauna? of the deeper zones of the lower lias is, aa 
can be easily seen, most clearly marked. On the other hand we cannot exclude 
peremptorily the possibility of the presence of faunistic elements, which might 
belong to the higher stage of the lower lias. As such elements, indicating perhaps 
a relationship with the fauna of the upp?r division of the lower lias, Oxynoticeraa 
ap. ind. ex. aff Greenoughi Sow. and Arietitea hitnalayanua might he taken into 
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consideration. The latter, although recalling A. Oonybeari in its sculpture, 
approaches in its general shape very closely to Ar. Boeaei Uhl., which belongs to a 
group of this genus characteristic of the higher stage of the lower lias. 

No great importance should be attributed to the representatives of the genus 
Phyllocerat, which do not keep narrow stratigraphical horizons as strictly as 
might be wished for a more exact correlation. It is, however, noteworthy, that 
the group of Phyllocera* Partschi Stur, which in the higher stage of the Alpine 
lias is invariably the most conspicuous for its frequency, is not represented in the 
Himalayan lias. 

The limited occurrence and small thickness of the liassic strata in tbc region 
of exotic blocks in Malla Johar is no argument against the possibility of finding 
both the deeper and higher stages of the lower lias represented within them. I 
need only refer the reader to the liassic deposits of Transsylvania, as described by 
Herbich, whioh, although being only 3 m. in thickness and very little extended, 
have yielded numerous ammonites of the deeper and higher stages of the lower 
Has. 

If we summarize the above observations, we come to the conclusion that 
the fauna of exotic blocks 16 and 17 is to be regarded as hmnotaxial with the 
lower stage of the lower lias, whereas the presence of equivalents of the higher 
stage has as yot not been ascertained. 



V. FOSSILS FROM EXOTIC BLOCKS NOS. 6 AND 7 (MALLA KiOGAHH). 

Among four small exotic blocks occurring within the upper flysch of Mailt 
Johar near Malla Kiognrh encampin^-ground,— marked E.B. 4», 5, G, 7, on the 
map accompanying A. v. Krafft's memoir — blocks tj and 7 yielded a small number 
of ill-preserved spocimens of Phyllocerus, JE'joceraa, Arirtiten and. Belemniteg. 
None of them is sufficiently complete to permit a specific determination. 

Phylloceras sp. ind. of. Sclatebi Dien. PI. XVI, rig. 4. 

This chambered fragment belongs to all appearance t<» a species very closely 
allied to or identical with Phylloceras Sclateri, with which it agrees in its shape aud 
involution. In consequence of the injuries which the surface of the cast has 
suffered from weathering, the sutures appear somewhat deformed. 

Several fragments are also referable with somo probability to this species, but 
their bad fctate of preservation does not permit of a safe identification. 

Phtllocerab sp. ind. aff. Montgomery!. Dien. 

An imperfectly preserved cast, measuring 58 mm. in diameter, possessing 
already the commencement of the body-chamber, is comparable by its shape to 
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Phylloceras Montgomeryi Dien. The sulures are but imperfectly known to me. 
The specimen is not suitable for illustration. 



jEgocsbab s p. ind. PI. XVI, fig. 6. 

This is a form (unfortunately only a small fragment of a ehamborod whorl) 
which is comparable to JRqoceraa bi/er Qucnst. in reference to its general shape. 
But the marginal swellings of the stout, transverse ribs are but faintly developed, 
and no external bridges connecting them have been noticed. The sutural line, 
which lias been partly preserved, agrees in general with that of A. bifer, as illus- 
trated by Quenstedt in PL 22, fi?. 11 of his *' Ammonitendcs schwrebischen Jura " 
I, Th. (Lias). The arrangement of the sutural line is asymmetrical, the si phonal 
lobe with its short median prominence being shifted to the right of the median 
plane of the shell. 

Artetitbs sp. ind. ex aff. A. Grdnowi v. Hauer. PI. XVI, fig. 3. 

The present specimen, which seems to possess the body-chamber, consists of a 
fairly well-preserved outer volution. The inner whorls liave been completely 
destroyed. It shows a olose resemblance to Arielitea Grunotoi v. Hauer (Cepha- 
lopoden aus dem Lias der nordcestlichen Alpen, Denkschr. Kais. Akad. d. Wis- 
scnsoh, XI, p. 27, Taf. VIII, figs. 4-6), being distinguished by a very broad trans- 
versely elliptical cross-section, and by a low keel, accompanied by shallow and ill- 
defined channels. The lateral parts are strongly curved and covered with numerous 
and stout transverse ribs, which aro bent forward distinctly in the marginal region 
and in the external part. Their direction is not ozaotly radial but slightly turned 
backward, especially so in the umbilical region. Secondary ridges accompanying 
the siphoual channels are entirely absent. 

The specimen is provided with a very broad umbilicus. 

Dimensiont. 

Di»m«ter of th< nhell 76 mm. 

„ „ „ umbilical 44 „ 

Thkkm H tte TolotioB H " 



Suturet.— Not known. 

Remarka. — The new description and illustrations of F. v. Hauer's species, 
which have been given by Waehner (Beitraege zur Kenntnis den tieferen Zonen 
des unteren Lias, etc., Beitr. zur Palaeont. Oesterr. TJngarns, etc., VI, p. 320, Taf. 
XXV, figs. 2, 3), enable me to draw a closer comparison between Arietitea Orunowi 
and the present specimen. The latter is distinguished from A. Qrunotm, to vrhioh 
it is certainly closely related, by comparatively lower whorls, by a wider umbilicus 
and by the more distinct concavity in the direction of the transvorse ribs along the 
siphonal margin. The strength and direction of the ribs on the lateral parts is the 

o 
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same in both species, but on the external part the ribs mn much further towards 
the anterior margin than is the case in A. Orunowi. 



Several fragments of Belemnites bxc only sufficient to determine the genus. 

The rostra arc very slender, of an elongated conical shape, recalling the 
liassio Belemnitea acttaHut Schloth. In one of the rostra a deep apical furrow has 
been noticed. 

Ventral or dorso-latornl furrows are not known in any of my specimens. 



There can be no doubt that the small fauna of exotic blocks Nos. 6 and 7 
is of lower liassic age. It is probably homotaxial with the fauna of blocks 16 
and 17, although this homotaxis cannot be proved by the presence of identical 
speoies, on account of the fragmentary condition of my miteria's. 



The discovery of the exotic blocks iu Alalia Johar by the Himalayan expedi- 
tion in 1892, in which C. L. Griesbach, C. S. Middlemiss and myself took part, has 
acquainted us with a region, in which pcrmian and triassic strata show a develop- 
ment differing from that of the corresponding beds observed in the normal sections 
of the Himalayas. A. v. Krafft's exploration of the Kiogarh range has not ooly 
corroborated the facts stated by the Hiener expedition, but has filled up two 
important gaps in the series of the exotic region by the discovery of blocks of lower 
triassic and liassic age. 

His careful examination of the entire territory of Mai la Johar enabled A. v. 
Krafft to draw a closer comparison between the Tibetan series of bods as exposed 
in the exotic blocks and the ntirnial Himalayan series. This comparison leads to 
the conclusion that each single subdivision of the Tibetan series known so far 
from the permian up to the lias differs from the corresponding Himalayan division. 

In the mesozoio rooks the lithological difference is most strongly marked in 
the triassic horizons from the beds with Flemingite» Rohilla to the top of the carru'c 
stage and in the lias. 

In the main region of tho Central Himalayas the triassic beds underlying the 
great mass of the Dachsteinkalk are represented by grey or black limestones and 
shales, whereas in the Tibetan series they consist of red limestones exhibiting a 
striking resemblance to the Hallstatt limestones of the Eastern Alps. A. v. 
Krafft is fully justified in correlating tho triassic facies of the Tibetan series, 
only exceptiug the noric (juvavic) stage, with the Hallstatt facies. The 
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lithological resemblance of block No. 2 with tbe carnic Halstatt limestone of 
the Roethelstein npar Aussee is, indeed, so (Treat, that it is no easy matter to distin- 
guish fossils from these two localities without a closer inspection. 

In the norio (juvavio) and rhrotie stages the differenco between the Tibetan 
and Himalayan scries becomes less remarkable. During these stages great masses 
of grey, dolomitic limestones, very poor in fossils, have be**n depositid in both 
areas. " Nevertheless there is no complete lithological identity between the two, 
the Tibetan grey limestone being massive throughout, while the Himalayan 
Dachsteinkalk is well bedded." 

The sharpest contrast, between the two series allows itself in the liassie periods. 
In the mnir. region of the Himalayas (Spiti) the rhietic, liassie and oolitio beds 
are of uniform litholosrioal character, .consisting of do'omitio, thin-bedded, black 
or grey limestones. The red liassie limestones of blocks 6, 7, 16, 17 are develop- 
ed in the facies of Adneth, and agree lithologioally most closely with rooks com- 
posing the lias-do crags of the Eastern Carpathians in Transsylvania and at 
Valesaoca (Bukowina). 

The faunas of the exotic blocks of lower triassio and of Mnschelkalk age have 
very small affinities to Alpine fauooe. but are connected very intimately with those 
of the corresponding division* in the main region of the Himalayas, although the 
lithological differences are important. But the oarnic fauna of the Tibetan series 
exhibits remarkable peculiarities pointing in another direction. 

A" has been rc "narked by E. v. Mojsisovics, the preponderance of Ammonea 
trachyostraca (Ceratitoidea and Tropitoidea) with the simultaneous diminution 
of leiottraca (especially Arcettoidea) is one of the most striking peculiarities of 
the upper-triassio cpplialopod fauna? of the Indian provinoe. This proportion of 
the two divisions of triassic Ammonoidea is reversed in the carnic fauna of 
exotic block No. 2. In the Tibetan series the genera Arcestes and Qladiscites, 
which are of comparatively rare occurrence in the Himalayan series, appear 
suddenly in large numbers, imparting to this exotic fauna its special type. With 
this preponderance of Aroestoidea, especially of Claditcitidce, is united another 
feature of distinction from the Himalayan series, and this is the very large percent- 
age of species allied to European forms. Referring the reader to the results of 
my examination of the faun® of exotic blocks 2 and 5, I need not explain 
further that those fauute bear a peculiar character which distinguishes them from 
the homotaxial fauna of the main region of tin* Himalayas, but points to a very 
close affinity with the faunae of the zones of Trachyceras Aonoidea and Tropites 
subbullalus in the Eastern Alps. 

The agreement of the fauna of blocks 16 and 17 with that of the deeper 
stage of the Alpine lower lias is parhaps still more striking. H no other mosozoic 
faunas in the Himalayas were known, our knowledge of this liassie fauna would not 
justify the establishment of an Indian zoogeographioal province. The contrast be- 
tween the Mediterranean and Indian triassic faunm in the Himalayan rogion is nearly 
obliterated in the Tibetan region of exotic blocks during tbe liassie period. The 
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difference between the liassic faunra of Wurtomberg or England and the Alps is, 
indeed, more conspicuous than that between the Mediterranean and Tibetan fauns© 
of the lower lias. The affinities of the latter are extraordinarily close, not a Bingle 
species in the fauna of blocks 16 and 17 bearing a distinct local character. 

There can hardly be a doubt that to the north of the main region of the 
Himalayas there extended from the Eastern basin of the Tethys to the Mediterra- 
nean area a zone, in which sediments of a nearly uniform lithological character 
were deposited during carnic and liassic times, and where the area was inhabited by a 
fauna with insignificant local peculiarities and barely influenced by the independent 
development which is noticed in the mesozoic faunae of the Indian triassic 



A. v. Krafft and Suoss agroe in assuming that the Tibetan facias could not be 
in ritu below tho region of exotic blocks in Malla Johar, but must have been carried 
there from a territory lying much further to the north. This hypothesis is able to 
explain tho rapid change of faciee between the Tibetan and Himalayan series, but 
it doos not explain tho striking lithological and faunistio agreement which exists 
between the carnio and liassic sediments of the Tibetan scries, on the one hand, and 
of the homotaxial beds in tho Mediterranean region, on the other. It is the estab- 
lishment of this agreement which I consider to be the most important result of my 
examination of A. v. Krafft's Himalaynn collections. 



province. 




PLATE E. 



Kg, 1«, b, C, d PBOCtTDONAUTtUB TBIADICV8 V. Mojg. 



J „ buddhaiccs Dien. 



,, 4tf, 6 Mcwsvabocbbas ?p. ind. ex. ad. Tur.neh Hyatt and Smitli. 

„ 5«, A, c NATicoms sp. ind. ex. aff. obvallatjb Koken. 

„ 6a, * Loxohema (Poi/icikina) cf. eleoans Hoerties. 

„ 7 Pbocitdoxavtilcb Br ddh a ii vs Dicn. 



All 8i*cimec» from the exotic block No. 2. 
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PLATE II. 

Fig. U, b, c, H 

„ 2a» * 

„ Sa, b, e 

„ 4«. 4 

„ 5a, b 

„ 7 a, b 

ii 8a, b 



All specimens from the exotic block No. 2. 
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Stybionautilus nov. §p. ind. 
DicriocoMTM §p. iod. ex. aff. Hai'eri v. Moje 

SaGAHA cf. OBOMBTRICA Kok. 

Capolus (Phryx) joharbksis Dion. 

CLAD1SC1TKS CRA8fR87RIATU8 V. Mojs. 

Cladiscitm ckambstrxatcb r. Mojs. Inner whorls of a large specimen. 
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PLATE III. 

la, b, e Akcutm cf. rt motccs v. Moj<. 
2a, *, c Ancxant* cf. bichtbofeki v. Moj*. 



30, * ) 



■PHOiUCKsTW Gattaxi V. Klipst. 

be, 6 ) 
6 H c r . Abssm.m - v. Haner. 

>G*triMi t. Klii*t. Inner nuclei. 
B „ 3 



All ipeamoM from the exotic block No. 2. 
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PLATE IV. 



li,'. U, h, 



.!"' ' J Cl Al>l>CHE» CKASSOTHIATCB V. Mojs. 

S/t,* HttFOOUDUCna MWMUfflM t. Mojs. 

lt,b, t „ Ml BCAK1S ATI'S (Scinmi-llam. 

'ou, b Claim genu cf. oaaois (itmm, 

S „ CBA8SESTBIATCS v. Moj*. Suture*. 

All npe*iraeng from the ex-tie block Xe. 2. 

'.'a, c Clai>i«citks ciiAssf stbiatcs v. Moj*. Tyi-e-ftpecimen fmni t!:e c-anifc Hull- 

stutt tiumrcne [SlUptk-u* beoVi of the K.t ilu-Vti in jSatek.vr.mct 



J „ cf . ri'SlLLUi T. Moj*. 
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PLATE V. 

Fi^. ]/», h JoviTEs cf. ipr.CTABiLrs Dien. 

„ 2(i,5 „ dacipormis Dien. 

., 3 JrvAvms Doorants Dien. 

„ \«, h „ sp. ind. cf. coHACis Gomm, 



I GosioxoTim cf. iTAticrs Oemm. *1 



All specimens from the exotic block No. 2. 



5a, b Cupiscitbs CKASSESTBt atps r. Mojsisovica from the SulihulUtu* b<xls of the Voe* 
der«indling(Sii]zkammergut)— Collection of the Vienna Univemtj'i Pan-Ion* 
tological Mil 
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PLATE VI. 



■la, b, e Wi-vayitis ^BuMIMnm] cf- Kastsui v. Muj*. 'I *f / 

&o,b ) [ 
+ DiscoTKOPims cf. SASDLiNORSaia T. Hauer. 

5j, I, r TtBBTITKS DHOTK.N8IS Dilll. 

13"' ? f 4xAt*o»mt PiLanmn Dim. 

(jto, 4 Mahoabites OBMOUSnjOKUTtn Hien. 

ft TaorrrM cf. auBBUi.i.oTS v. Haner. 

10j, A, < Asatkopitbs of. WOMMN v. Mcj*. 
11a, b Tuopitk sp. ind. kit. wouam v. Mojs. 



All specimen* from the exotic blouk No. 2. 
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PLATE VII. 



Fi* 



2« 4 | Jr»AVITK5 (GRIF.8BACHITKS) Pskpbomrdubyanco Dien. j , // i 

8<;, * ,, K r *ffti Dien. 

\a,b „ *p. ind. ex. aft. si bintkbiucto v. Moj«. 

5«, Axatommtj- sp. ind. aft camiu.i v. Mojs. 

6a, 4 JuvAviTBti *p. ind. ex a3. si-msTKHRrno v. M<vi<, 

7 ,. (Gkiesbachitkb) uov. sp. ind. 

S JovnK* t>ACIFORMIB Dien. 

Btfj 4 Akatomitk* tsp. ind. all. Hexuici v. Mnj-i. 



Al! ipecimeM from (he exotiu block No. 2. 
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PLATE Ml!. 



Daoxella iKDiri Hittn. 
II AtOBI A, »p. ind. 



This t jiechneu from the exotic block No, 1. 



DlSOOPHTLUliJS FlX)WKHt Di«n. 'L'b 
Abcf-stus ep. ind. aff. d>cipikns ». Mojs. 
Pko*kckst..s »p. ind. (Group of Exthal.»bhh;. 
„ (?) Bp. ind. ex sff. BftUUUOMU Laube. 
, «p. ind. 



These five specimens from the exotic bh'ck No. 2. 
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Fig. 


la, h, t 




2«, 4, * 


» 


8*.i 


n 


4a, | 


»* 


5a, i 


» 


6«, 4, c 



PLATE X. 

GBYPOCBXA8 SoiSBnrOBVB. Dicn. 

Clidiscitis cf. Gosgijb Dien. 

Inner nncleui of a large specimen. 
Tiopitis gp. ind. ftff. Acftanoul 1 ) v. Moj*. 

Theee three •pecimeos from the exotie block No, t. 
Ahautocbbas ep. ind. aff. Articuuto Sow. 
Obin . ep. ind. ex. aff. Gbbbnocqhi Sow. 
Abktites Bp. ind- ex. aff. Cobbgoke.vbib Sow. 



The«e three fpeciment from the exotic block* 16 aod 17. 
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PI. X. 
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PLATE XI. 

Fiy- 1<», 4, e Ru.»copHvi.Lir«s cf. Gkjas Fucini. 

„ 2<J, b, e PlIYLLOOERAS (ScwsToniirixooERuO MOXUOLICUJI Dioo. 

J Phyllockuas Montgomery: Dieu. 

Siphon*! lobe and »ddle of the krge specinwn illiutntod on PI XIII, 
fig. 1. 

^ j J ScULorHBiun gp. ind. 



h 3 



All .pecimonj from the exotic blocks 16 and 17. 
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PI-ATE XII. 



K* 1 


PtlYLLOCKRAS (SrHISTOPIIYHOClllAs) Mf> sootier* Dion. 


„ ta, 6 


PdYLLOCIRAS Sr Lite hi Pien 


,. U,i 


Phtlloit.r *!> Hokseiuldii Dien. 


,, t", 1', c 


RHAOOfBTLtim SCHOFAWfOKJCH Dien. 


„ S 


Puu.trcKms sp ind. ex aff. DlEKBH Rottnbg-. 




All specimen? from tlie exotie block- IS and 17. 
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of India. PI. XII. 
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PLATE XUI. 

lie. U.t.c.d PHYLiocwusMoKTOO-KimDien. 

•>„ a IMtuiocEBva » P . ind. »«. Scutkbi Own. 

.} PhTLLOCBBA* SCLATKBI UlOn. 

"I 4a, b PHYLLOCKMiCAIDWltUtDien. 



All tpceineci from the «otic block, 16 ami 17. 
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PI. Xlll. 
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I 'LATE XI?. 



1«. Atba(tites f]>. ind. 

*«, l> A»iktitk> cf. CojuaoN*N8is (Sow.l C»n. 

8«, A Am truss uov bp. ex. alT. Romo«m« Sow. 

*•» * Animus IE j x a i, ^ yam's Dien. 

i Sohlothiiuia 8p. iod. aff. MjftlUUC*. Ojip. 

'k A -Eiiot iBis sr.. ind. (ox. aff. buek Quenet). 



All specimen! from the exotic blocks 16 and 17. 
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Him. u. Dracii v. M.» J*ffe, Wien. 
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PLATE XVI. 



Fig. la, h, c C.iRSiTM sp. ind. 

„ h, e PKOiBCKSTM up. ind. ex. aff. Acsseano t. Hauer. 

The>e two specimens from the exotic block No. 5. 
„ 9a, b Ami 1 1 ■ ■• ind. ex all. Orunowi v. Hmut. 

„ 4a, b Phvlloceras esp. ind. (cf. Sclatiiu Dien). 

„ 5<r, ft .rEcocKHAS sp. ind. 



Thfse three specimens from exotic block No. 7. 
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Volume I, Part 2. 

ANTHRAC0L1THIC FOSSILS OF KASHMIR AND SPITL 

BY 

C. DIENER, Ph.D., 
Fro/ettor of Geology at the VnkerMy of Vienna. 

WITH PLATES, I — VIII. 

INTRODUCTION. 

In the introduction to my monograph on the fauna of the permian Product us 
shales of Johar and Painkhanda it was proposed to devote a proper part of this 
volume to the description of the fossil contents of the Ruling shales of Spiti and of 
the Zewan or Barus beds of Kashmir, which have been considered to bo of carbonifer- 
ous age by previous authors. 

Even then it seemed to me highly probable that representatives of both the 
carboniferous and permian systems were mixed together among the fossils con- 
tained in the Geological Survey's Himalayan collections from the upper palaeozoic 
rocks of Kashmir and Spiti. This probability has been greatly strengthened by a 
closer examination of the fossil material entrusted to me for description. In 
my opinion the Kuling shales of 8piti, or more exactly, their lower portion 
underlying the triassic Otocera* stage, correspond stratigraphically to the Productus 
shales of Johar and Painkhanda, as has already been suggested by Griesbach, and 
must consequently be correlated with the permian system. In Kashmir this system 
seems to be likewise represented by black micaceous shales, observed by Lydokker 
on a ridge N.E. of Prongam Tral, whereas the large bulk of fossils from the Zewan 
or Barus beds are of upper carboniferous age, occupying, as it seems, the very 
highest stratigraphical position within the carboniferous system. 

In spite of this it is impossible to fix the exact stratigraphical zone of 
every fossil in the Geological Survey's collections from the upper palioozoic rocks 
of Kashmir and Spiti. Notwithstanding the rather limited number of species, 
regarding which their geological ago cannot be settled definitively at present, I 
deemed it preferable to let this uncertainty find an expression in the title of the pre- 
sent monograph. I have used the term *' AnthracolUhie '' under which I understand 
both the carboniferous and permian fossils. This term, which 1 find very convenient. 
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considering the intimate stratigraphical and faunistio connection of the carboniferous, 
and permian systems of the Himalayas, was originally introduced by Waagen in 
the "Geological Results'* of his 8alt Range Fossils (Vol. IV, 1891, p. 241). I 
am glad to avail myself of it as one of the best denominations in our stratigraphical 
nomenclature, and I sincerely wish that it may be used more generally in 
geological literature than has been done hitherto. 

Before entering into a detailed description of the anthracolithic fossils of 
Kashmir and Spiti, a few notes on the previous geological literature on the subject 
may be found nscf ul. 

The first reference to the existence of carboniferous rocks in the Himalayas was 
made by Dr. Hugh Falconer in 1838, who proved the carboniferous age of a lime- 
stone in the Kashmir Valley. 1 

In 1850 W. King* described the first anthracolithic fossil from the North- 
Western Himalaya, Strophaloiia Gerardi, which had been collected by Dr. Gerard 
on the crest of a pass, leading from Ladakh into Bisahir, at a height of 17,000 
feet. 

Among the fossils, picked up by Dr. Gerard in Spiti and entrusted by him to 
the Asiatic Society of Bengal in Caloutta, a large number was subsequently proved 
to be of anthracolithic age. One of the most common shells in his collection has 
been described as Spirifera Rajah by J. "W. Salter* in 1865. 

Although he never lost sight of its being a true carboniferous form, 
closely allied to Spirifer Keilhavii, von Buch, he erroneously inferred that it had 
been derived from the triassic beds of the Spiti-Pass. In an appendix to the same 
work, however, Mr. H. P. Blanford 4 correctly observed that Spirifer Bajah did 
not occur in the same bed with triassic ammonites described by himself in 1863/ 
but decidedly below them—" in beds, which other evidence combines to show, must 
be referred to the same general relative age, as the carboniferous of Europe." 

Blanf ord's view regarding the Btratigraphical position of the beds with Spirifer 
Bajah was fully confirmed by Dr. Ferdinand Stoliczka, who in 1864 had examined 
a number of geologioal sections in 8piti and Rupshu. Among the palaeozoic rocks 
of Spiti three different series, the Babeh series, Muth series and Ruling series were 
distinguished by that learned author. The Babeh and Muth series he correlated to 
the silurian, the Kuling series to the carboniferous system of Europe. The prevalent 
rocks of the latter series he found^to consist of " a dark brown crumbling shale 
and a light coloured, mostly whitish quartzite, generally speaking very difficult 
to distinguish from the top beds of the Muth series," The total thickness of those 
beds, considered by him to be carboniferous, he estimated to bo from 100 to 400 

• Paln-ontological Memoir, of Hugh Falconer, in "Official Report of Expedition to Kashmir and Little Tibet 
io 1837-38." Vol. I, p. 667. 

1 W. King, A monograph of the permian fossil* of England," London, I860, p. 66, PL XIX, figs. C, 7. 

' J. W. Salter and H. P. Blanford, " Palaeontology of Kiti in the Northern Himflajaii," Caloutta, 1865. p. 50. 

• Hi F. Blanford, ibidem, p. 111. 

» fl. T. Blanford, " On Dr. Gerard's collection of fossils from tie Spiti valley in the Asiatic Society Museum. 
Journal A.iat Soc. of Bengal, 1863, No. S, pp. 121- 183. 
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feet. He records the following list of fossils, collected by himself and Dr. 
Gerard 1 :— 

Spiri/er Mooiakktfleuti*, Dayida. 

Ketlkarii, v. Buch ( = Sp. Raja*, Salt.) 
„ tibtticHt, Suiliezka. 
„ altivagut, Stol. 
Protinclu* Purdoni, l>avid». 

„ iemirttieulatut, Mart. 
„ loHgiipiitm, Sow. 
Jtieula, »p. 
CorJiomorpia, sp. 
Ariculoptelen, *p. 
Orlioeera*,? ap. 

Among the species of Lamellibranchiati not a single one permits of a specific 
determination. A single indistinct cast lias been identified as Product** Pmrdot-i 
but it does not warrant a decided determination. The species mistaken for P, 
temireticulatut and for P. longispinut belongs to the subgenus Margtntfera, Waagen, 
and is one of the leading fossils of the Kuling shales of Spiti and of the 
corresponding beds in Kashmir. 

Whether Spiri/er tibetieu* and Sp. altivagua are really of anthracolithic age 
is very doubtful. The original geological position of the specimens collected by 
Dr. Gerard is not known. 8toliczka himself found only ono loose specimen of 
Spiri/er tibeticut near Kibber. On the other hand, Spiri/er tibetieus is so closely 
allied to Sp. Qnenbachi, Bittner, 9 of upper triassic age, that a distinction between 
them is very difficult. This question will be more fully discussed by Dr. Bittnrr 
in his memoir on the triaasic Brachiopoda and Lamellibranchiata of the Himalayas 
(Palseontologia Indica, scr. XV, Vol. Ill, Pt. 2). 

Btoliczka's notes on the stratigraphical sequence in Spiti have been partly 
corrected by R. D. Oldham and C. L. Griesbach. Oldham 9 in his interpretation of 
the Spiti sections inferred that Stoliczka's " Muth-quartzite " should be rather 
correlated with the carboniferous quartzite of Kashmir, than with the silurian 
system. Griesbaoh' confirmed this view and distinguished the following sequence of 
beds in the anthracolithic series of Spiti. 

The dark unfossiliferous limestones, which rest on the flesh coloured quartzite 
series of upper silurian age and which probably correspond to the devonian 
system, are conformably overlaid by eartby, grey, crinoid- limestones from GOO to 800 
feet in thickness. Tho red crinoid-limestone is overlaid by a fine-grained, white 

> F. Stolietka, ■ Geological notion* aero** the HimiUjan Mountain from Wangtu bridgo on the River Satlej 
to 8nngdo on the Indoa, <U," Memoir* G«J. Snrr. of India. Vol. V, Tt. I, pp. 25—29. 

* C. Dietr, " Kr^ebnisae einer Geologi»ch«n Expedition in dsn Central Himalaya, etc," Denktohr, Kai*. Akad. 
d. Wiai. Wian, matfa. nat. CI., 1895, Bd. I.X11. p 658. 

* R. D. Oldham, "Some nut*.- on the geology of the N.W. Himalaya*," Reoorda, G«oL Burr, of India, Vol XXI, 
1888, pp. 161-158. 

* C. L. Qrietbaeh, Raoorde of tht Geol. Snrr. of India, 1888. Vol. XXII, pp. 158-167, and '« Geology of the 
Central Himfliyai," Mem. Owl. Snrr. of India. Vol. XXIII, 1S91, pp. 213-283. 
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quartzite of about 600 feet in thickness, which Stoliczka originally inoluded in his 
Muth sorics. This sequence of beds is exactly the name as in the Central Hima- 
layas of Kumaon and Gurhwal. As in the eastern sections, the entire series is 
characterised by the scaroity of organic remains. In the Geological Survey's 
Himalayan collections this series is not represented by a single fossil which 
would permit of a specific determination. This remark, unfortunately, likewise 
applies to the next rock-group, a grey limestone which, Griesbach states, overlies 
the white qua rtzite conformably. It is a " hard, splintery, grey limestone, in flaggy 
beds of a total thickness of about 70 feet, which has yielded numerous fossils, 
though few in species. Amongst them are several Producti, Athyrii Rot/atii and 
Corals. Ite evident connection with the white quartzite and the character of the 
fossils define its upper carboniferous age." 

It is very much to be regretted that Griesbach's collection does not contain 
fossils from this gr«;y limestone exposed in the Pin river section near Muth, more 
especially so because this horizon seems to be absent in the Central Himalayas of 
Kumaon and Gurbwal and might perhaps be a representative of the Zewdn or 
Barus beds of Kashmir. 

The grey limestone near Muth is overlaid by Stoliczka's Kuling series. In 
this series two groups of a geologically different age have been included by that 
author. The upper portion has yielded the characteristic fossils of the Otoceraa 
stage and consequently belongs to the scythian 1 series of the triassio system. The 
lower portion, consisting of dark, crumbling, often micaceous 6hales, alternating 
irregularly with sandstone-partings, Griesbach oonsiders to be equivalent of the 
permian Productus shales of Johar and Painkhanda. 

I am of opinion that the local denomination of " Kuling ahalet, " given by 
Stoliczka, might advantageously be retained for these beds, owing to the claim of 
priority, although beds of lower triassic age had been originally iucluded in Stoliczka's 
" Kuling series. " But a restriction of the original name to the well defined horizon, 
included between the grey limestone of Muth and the Otocera* beds, is not contrary 
to the laws of stratigraphical nomenclature. Among more recent instances I only 
need mention the interpretation of the term " Partnaoh Schichten " by Skupbos, 
who restricts this name to the lower portion of Gumbel's Partnach beds and 
which has met with the unanimous approval of all Alpine geologists. 

The existence of true aothracolithic rocks in the Kashmir Valley, which had 
been first supposed by Dr. Hugh Falconer in 1838, was definitely proved in a most 
important paper by Captain Godwin-Austen and Th. Davidson, an abstract of which 
appeared in 1864 in the Quarterly Journal of the Geological Society of London.* 
The original paper was, however, only published in 1866.* The sections of the 
fossiliferous rocks near Wasterwan, Barus, Loodoo and Khoonmoo, on the eastern 

1 S. v. .Ve;«t/, n>#, TP. Uatyen, and C. Dieiur. " Entw orf einer Gliedening d«r pdagiefthen Sadimente d«* 
Trim Svsteins." Sitzung*b*r. kain. Akivd d. Wiwtntch. Wwo. math, nat. CL Bd. CIV.. 18SS. p. 1278. 

1 Gorfvin-Aiuten, " Geological note* on part of tint N.-W. HitBalajae," Qoert. Jouro. Geol. Soe. Vol. XX, 
19M.PP.88S-8S7 

1 On tha carboniferous rooka of the Taflaj of Kashmir, with notes on the braehiopoda, collected by Captain 
Godwio-Auetw in Tibet and Kaabmir, b; Tk. Danism, ibidem, Vol. XXII, 1806, pp. 29-46. 
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side of the Kashmir Valley, 8. of Srinagar, were described in detail by Captain 
God win* Austen. The brachiopoda which were all obtained from the Kashmir 
Valley, and not partly from Little Tibet, as stated erroneously in his memoir, liavo 
been examined by Professor Davidson. The fauna described by thia eminent 
author and considered as carboniferous, consists of the following forms, excluding 
those which were too badly preserved to permit of a specific determination :— 

Ttrtbratmla (= Dielatma ?) Autteniana, Dsv. 

„ ( biflama) ttectlu* ?, Mart . 
Aikyrit fbtilits, Hall. 
Spirifir Hajak, Salter. 
„ Fikianut, David*. 
„ KatknfTientit, David*. 

Mootakktflcntit, Davids. 
„ ip. ind. ( ^Lgdekkfri, Diener). 
Mkynckouclla pleurodon ft. Davrtuxiana, de Kon. 
„ Kaakmtriemit, Davids. 

„ Barutieiuit (misnamed : Barmntntit), Davids. 
Strtptorkjnckut creuutria, Phill. ( *=Ilerbta tf. tenilit, Phill.) 
Product™ temirtUculatut, Mart. 

„ Cora, d'Orb. 

„ leabriemiut, Mart. 

„ Bumboldti, d'Orb. (?). 

„ longiipinui, Sow. (?). 

„ ttriatui, Fischer, (?). 

„ tpinulo'ui, Sow. 

„ (?) lacvit, Davids. 
Ititcin* Kathufrieinit, Davids. 

Ckunetet Uurdrruti* tar. Tibetentii, Davids, (recte Kaskmerientit, 

Lydekker). 
Ckonelti Utvii, Davids. 

„ J**Uniona, Davids. 

„ (Spiriftr, Davids.) Barutientit, Dav. 

Altogether 25 species, of which 13 only, or about one half of this number, are 
also contained in the Geological Survey's Himalayan collections from Kashmir. 

Professor Davidson sums up his views regarding the geological age of the beds 
from which these fossils were obtained, in the following remarks, (1. o. p. 40) : — 

" Here again we find many of our common and widely spread European and 
American species, along with a few, that had not yet been noticed from other parts 
of the world, and which indicate that the carboniferous rocks of Tibet, Kashmir 
and the Punjab belong to one great formation." 

Another very important paper on the geology of the anthracolithic region to 
the East of the Kashmir Valley was published by Dr. A. Veroh6re in 1866 and 
1867. 1 He stated that the fossiliferous series is underlaid by slates, in which there 

' A. rtrthirt, " Kashmir, the Western Himalaya sad the « Afghan Mountain*," J..ornal Asiatic Soc of Bengal. 
Cakntta, 181ft Vol. XXXV, pt. 2, pp. 88-134, 159-203, 1867. VoL XXXVI, pU 2, pp. 201-229. 
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is an abundance of contemporaneous volcanic rock. The limestones and shales 
which rest on these yolcanic rooks have been divided by Verchere into three divisions, 
called by him (in ascending order) Zeeawan beds, Wcean beds and Kothair beds. 
The t.-rm " Zeeawan beds " is, however, taken in a wider sense than in Godwin- 
Austoa's memoir, the Zewan beds having been restricted by the latter author to 
a distinct horizon of the anthraoolithic series only, characterised by its abundance 
of FttiettelltB. Both the Zeeawan beds and Weean beds are considered to be carboni- 
ferous by Verchere, whereas the Kothair beds were placed by him in the triassic 
syste-n. 

The numerous fossils collected by Dr. Verchere in the anthracolitbic series of 
Kashmir Valley have been studied partly by himself and partly by E. de Verneuil, 
but the results of these studies have, unfortunately, been published in a form which 
renders them almost useless. 

The following species are quoted by Verchere from the Zewan beds : — 

Nautilut PUmingianut, de Kon. 
Terebrafvla (Ditlatma) laeatlnt, Mart. 
Spiri/er Ftrekerei, de Verneuil. 

,, ttriatu*, Mart. 

„ Mooiakkeylentit, Davids. 

„ Biijak, Salter. 
8piri/eriua octoplieata car. Irantreria, Veroh. 
Athyrit intiWa, Hall. 
„ Buddkuta, Vercli. 
ef. Hoy nii, Lev. 
Bettia (Eunetria) grandieotta, Davids. 
Ortkit retupinala, Mart. 

11 '/>• '«^' 
Stropkonena analogs, Phill. 
Product** cotiatn, Sowerby. 

„ iemiretic%lat*t, Mart. 

„ Cora, d' Orb. 

„ IhnboWi, d' Orb. 

„ Purdoni, Davids. 

„ lonfiipinmt, Sow, 

„ Bolirietuit, d' Orb. 

„ aeuleatm, Mart. 
Sfropialotia (?) arachuoidta, Verch. 
Penutella Syhtii, de Kon. 

„ tp, ind. 

„ megatloiM, de Kon. 
Pineularia mnltangiilaru, ? Portl. 
Ditteiekia ? tp. iW. 
Aeantkocladia *p. ind. 
Rtlepora lep'da, de Kon. 
Alvtolitet teptota, ? Flem. 

Both the descriptions and figures (PI. L to X. Journ. Asiat. Soc. of Bengal, VoL 
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XXXVI, Pt 2) are so unsatisfactory that I have only been able to identify such 
forms as arc represented in Vorchere's collection entrusted to me for examination 
by tbe Director of the Geological 8urvey of India. For the following species the 
identification seems to be pretty certain :— 

Spiriferina cf. Ken/ueientu, Sham. 
Sptri/er Mooiai&tylenw, D»v. 

„ Rajah, Salter. 
Atkyri* tubUlila, Hall. 
Rtttia (Bumetria) cf. grandiconta, Dav. 
Product** temircticulatu; Mart. 
„ Cora, d' Orb. 
„ aculea'u*, Mart. 

Orlhis re$upinata, Verch., is probably identical with O. indica, Waagen. 
Athyria Buddhitta seems to be really a new species. Spirifer Verclterei, on the 
contrary, must be removed from the list of independent species, having been founded 
on strongly weathered waterworn specimens of Sp. Rajah only, which have lost the 
original details of their ornamentation. 

There can be no doubt about the identity of Verohere's Zewan beds — I prefer 
to adopt the spelling of this name as given by Captain Godwin-Austen— with 
the anthracolithio rock-group, from which the braohiopoda, collected by Godwin- 
Austen and studied by Davidson, were obtained. Tbe case is different with the 
Weean beds of Verchere. Neither from Verchere's description of the Kashmir sec- 
tions, nor from his list of the fossil contents of this rook-group is it possible to make 
out whether thoy actually belong to the anthracolithic system or to one of the younger 
horizons in the stratigraphical sequence (Lydekker's " Supra-Euling series "). 

The following species are quoted by Verchere from the Weean beds of Kash- 
mir:— 

GonUtitet gangeUcmt, L. de Kon. 
Nau'ilat eli/cllariui, ? Sow. 
SolenofHU imirieata, dc Kon. 

„ mot: tp. 
Carditis Uimalayana, Verch. 

„ or alii, ? Mart. 
Cueullaea, ep. 
Ptcten, «p. 

Aviculopecltn /;«nWu, Fkm. 

„ oralut, Verch. 

„ ranut, Verch. 

„ circulars, Verch. 

„ tp. ind. 

„ tettado, Verch. 

„ gibbotut, Veroh. 
Annus, nov. sp. 
Spiriferina Straekeyi, Salt. 
Productut laetii, Davids. 
Ckonelc* £ar»tit»ti; David*. 
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With the exception of the brachiopoda, all the type specimens quoted in the 
preceding list are contained in the Geological Survey's collection. Among them a 
single one only, Ooniatitea gangetieut from Banda, can be safely identified. It is 
identical with Danubiles nivalis, Dien., one of the leading fossils of the Himalayan 
Subrobuttus beds of lower triassicage. Attention has been drawn to this interesting 
fact in my memoir on the Cephalopoda of the lower trias (Vol. II, pt I, of 
the present series). The rest of specimens are all undeterminable fragments, quite 
unfit for a specific determination. The Lamellibranchiata especially arc so 
poorly preserved casts that it would be perfectly useless to have them figured. I 
can only say that it is absolutely impossible to derive from them any satisfactory 
conclusion as to the geological age of the strata in which they occur. Among 
the brachiopoda, Spirtferina Slracheyi points to a triassic age, this species 
having been found in the Lilang sries of Spiti by Stoliczka. Thus beds of 
triassic age have undoubtedly been included in the Weean group by Dr. Verchere, 
but it is impossbile to decide whether this group represents the lower trias only or 
may also include the topmost portion of the anthracolithic system, as was found to 
be the case with Btoliczka's Kuling series in Spiti. 

Both Godwin-Austen's and Verckere's views of the stratigraphical sequence in 
the Kashmir sections were partly modified by Lydekker 1 from whose reports on the 
geological survey of the Kashmir, Ladakh and Chamba territories muoh valuable 
information may be obtained, although he was not able to establish a safe classi- 
fication of the upper palaeozoic and mesozoic rocks (his 14 Zanskar system "), based 
on palacontological evidence. Neither did ho succeed in separating the triassic 
and anthracolithic systems, nor did he recognise the lower trias and the typical 
Kuling shales, although both of these horizons are certainly present in Kashmir, 
as was clearly proved by an examination of the fossils in the Geological Survey's 
Himalayan collection. 

The most important additions to our knowledge of the anthracolithic system in 
Kashmir, for which we are indebted to Mr. Lydekker, are the following: — 

The fossiliferous ZowSn or Barus beds, the total thickness of which varies from 
30 to 280 feet, rest conformably on a compact white quartzite, which is considered to 
be the equivalent of the carboniferous white quartzito of the Central Himalayas of 
Oldham and Griesbach. This quartzite is generally underlaid by massive amygdal- 
oidal and other traps, which frequently, when the bottom quartzitic bed is less 
strongly developed, pass insensibly upwards into the fossiliferous strata. Althou»h 
Lydekker hints at the possibility of these traps with their associated slates being at 
least paitly of carboniferous age, he preferred to class them with his Panjal system, 
which corresponds to the older paUcozoic rocks in other parts of the world. These 
slater, characterised by the abundance of contemporaneous volcanic rock, were 
found to be underlaid by conglomeratic slate, very similar to the Blaini conglomerate 
of the Simla sections, composed of sul>angular fragments and rounded pebbles of 
slates and quartzites imbedded in a matrix of fine- grained slate. 

1 B. Lydekker, " The grolofry of the Kashmir and Cfciunbft Unitorien and the ErHUh dirtrict of KWjjan,'' 
Memoir. GeuL Suit, of IndU, VoL XXII, 1883. Chapteri VI, VII. I have not cited the preriou. papera of thia 
author pahliahed in the Record* of the Geol. Sim. of India, aa their centeuU ato embodied iu the meiuuix quoted. 
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Whereas Lydekker considered this conglomerate, the glacial origin of which 
he advocated, to be of older paleozoic age, R. D. Oldham 1 compares the Kashmir 
conglomerate to the boulder bed of the Salt-Range and consequently refers it to 
the carboniferous system. 

The following fossils from the anthracolithio rocks of Kashmir have been 
figured by Lydekker, but were cot described in detail :— 

Protoretepora ampla, Lonsdale. 
Prodncin* $emiretienlalu», Mart. 

„ BumboldU, d'Orb. 
Spirifer ttrirtn; Mart. 
Phillip*** cf. *emi»i/er a , PbilL 

These determinations, which seem to have been chiefly quoted on the authority 
of Dr. Feist mantel, have been considerably modified by my revision of Lydokker's 
fossils. For the following three forms an identification can be established with 
certainty :— 

ProJmetu* temireticulatnt = Margi*ifera kimalajeniit, Dieuer. 

„ UumioUti = P. Abicki, Waagen. 
Spirifer t/riatu* — Sp. Lj/Jetteri, Dienvr. 

Mr. Lydekker was also the first to draw attention to the occurrence of the 
genus Lyttonia in the anthracolithio rocks of the Kashmir Valley.' 

In 189 1 Professor W. "Waagen published the geological results of his examina- 
tion of the Productus limestone fossils of the Salt- Range. In this memoir 3 he 
briefly discusses the brachiopoda of the Zewan or Barus beds of Kashmir described 
by Davidson. He remarks that the percentage of truly carboniferous forms, 
that is to say, of mountain limestone forms, is far largeramong them than in the 
fauna of the Amb bods (lower Productus limestone) of tho Salt- Range, and that in 
the meantime slight affinities to Australian forms were indicated by the presence 
of Spirifer Vihia»u», Dav., and Sp. Kathmeriemis, Davids. 

Among the species qnotod by Davidson, Waagon found only two identical 
with Salt-Range forms : Alhyrit »ubtiltta=Splrigerella Derby i, Waagcn, and Spiri- 
fer Mu*akheylen»i$, Dav. To tnese species a third one, Ditcinuca Kcuhmeriensis, 
might perhaps be added, as its affinity to J). Warthi, Waag., amounts almost to 
identity. On the strength of this evidenco Waagen came to the conclusion that 
" the Kashmir carboniferous strata Bhould either be placed on a level with the 
lower speckled sandstone of the Salt-Range, or else they should be considered as 
intermediate in age between the latter and the lower Productus limestone or 
upper speckled sandstone." 

There are several points on which I differ from the views of that learned 
author ; these differences will be noticed in the descriptions of the Kashmir fossils in 
their proper places. 

> A Manual of the <l*oloiry of India, Sad Edition, by B. D. Oldham, Calcutta, 1993, p. 134. 
« feoordi Gaol. 8nr». of India, Vol. XVII. 1889, p. 87. 

• W. Wa* 3 t*, Salt-B*ng«> fwiil*. Falsest. Indiea, air. XIII, Vol. IV, Geologteal Bwolu, pp. 164, 18#. 

0 
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The material for the present memoir consist* of the fossils collected in the 
Euling shales of Spiti by Dr. Gerard, Stoliezka and C. L. Griesbach, of parte of the 
collection* made by Captain Godwin-Austen, Dr. Verchore and Major Collet in 
Kashmir, and, last but not least, in the rich collections, brought together from the 
anthraeoUthio rocks of Ladakh and Kashmir by E. Lydekker, with the type speci- 
mens, figured in Vol. XXII, of the Memoirs of the Geological Surrey of India. 

The palaxmtological literature, which I chiefly consulted, when working out 
Farts II, III, and IV of this volume, is given in the following list. 



PAL.EONTOLOGICAL LITERATURE. 

1809. Martin, " r-etrifienta Dorbyenaia, or figure* and de.eription* of petrification., collected in Derhyahire," 
1844 Soverbf, "Mineral Concbology o. Grant Britain." Vol. I. London. 

1817. Scklotkeim » Beitrage »ur, Vmteinerangsknndc, " Denkaebriften d»r Kgl. Akademie d. Wi*n*n.ol, 
Munchen. Bd. VI. 

1820. ParHnton, " Organic remain* of a former world, " Vol. I, London. 

1826-44. GUJ/uu, Petrafaeta Geirnantai, Abbitdongen end Beaohraibungen der Patrefacten DentMblandi 

and der nngrtnwnden Leender. 
1834. Pkillipt, lUnttration* of tb* Geology of Yarkahir*, Snd edition. 
1837. Finker von WaUktim, Oryetographie dn Gouveroeroent do Mo««on. 
1888-42. A. d-Orlim,. Voyage don* lAmernrn* Meridional*, Pnl&ntologie. T. 111. 
1840. L. v. Buck, K..,u d-nm, tlaecifiaavtian Jr. Delthyri., Mom. Soc. Qtol. do France. Vol. IV. 

1842- 44. L. dt JConinet, Deacription dee animaux fouiloi, qoi *e trourent daoal* terrain carbanifcre d« 

Belgiano. Mem. de la Soc. Eovale dr* Science* de Lie'^e. 

1843- 44. Kutorqa, Beitrag rnr FabBontolcgie Buaaland*, Verbandlnngrn Kai*- Bon. Mineral. Gca. 8t. 

Petersburg. 

1844. U 'Cog, Sj nopei* of tbr character* of the carbon if eran* fot.il* of Ireland. 

18 14. Ok. Darwin, Geological obaerratiooa on the rolaanic IaUnda. Waited during tbe royag* of H. M. 8. 

Bangle. Append*, DeeeripUon* of fonil «b*ll. and oorahj from Van D.emcmlnnd, bj G. B. 

Sower* « and W. Lonidalt. 
1846. SlrtUczki, Phyaical Daacription of New South Wale* and Van Dicmnulaod. Fahnootoloej by 

1845. Mmrekiton, E. it Verntvil «t A. de Ktjttrlina, Geologic de la Bnatie d'Enmp* et do. Montagu* 

de l'Oorel, Vol. II, PaMontolegie. 

1846. I. v H ixc h, Debar Sjiirifer KnUavii. uaber d***en Fundort uod Vrrbaeltni** tn aahnli*be Forraeo. 

Abhandlgn. Koeoigl. Akad. d. Wiawmwh. Berlin, p. 66. 

1846. A.Qra/X ry .erti»g, Wbaenwhaftlicbe Beobaehttmgen auf einer Bei*e in da. PeUcboraUnd. St. 

1847. L. it Koninak, Monographic de* genre* Prodojta* et Cboaete*. Vein, de la Soc. Bojale d*» 

Science* de Liege. 

1847. M'Coy, On the forail botany and zoology of tbe rook* aasociated with the coal of Auatralia, 

Aonal. and Magazine of Nat. Hiatory, Hew York. 1 *er. Vol. XX. 
1648. X. d, Koninek, Noneeal*. DoUoea m l*e foaaiee* du BpitzJoergc, bull. Acad. Royal, de Belgk|ue, 

Vol. XVI, pU 2. 

1848. Dana, Deecription. of fonil .hell, obtained by the U. 8. Exploring Expedition in Au.tralia. 
I860. Kin 3 , A monograph of th.rp.nnmn foeiil* of Boglnnd, PiUeontograpbical Bocietr, London. 
1851-86. 7'A. Dandton, A nMnograpfa of the Britiah fea.il Baohiopoda, PaluHwlographical Society, 

London. 

1862. Otctn, Report of tbe Geological Surrey of Wiaoonain, Iowa and Minnesota. 

1662. /■ Ball in Howard atan*im*t~t Report of en Exploration of the Valley of the Great Salt Lake in 

Utah, Philadelphia. 
1864. 8imtard in B, Mmrf't Exploration of the Bed River of Looiaiaoa. 
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Iftjfw Simtmard in lit md Sad Annual B*por*. Gael. Surrey of Mjeaaari, p. 184. 

1866. Etch wold, Latbaea Boaeiaa, Aocienne Period*, Vol. I. 

of Pfoatartew a**) Caewe*** *a found n thai 
of N»t Hritncwrf P».l^.lphm. Vol. i. 
l&M. A'orwwxi »nd frwUm, loaeib bw Ik* Cerbonifaroaa ntm of the fmn Statee, ibidem, p. : 1. 
\MJ. Lyon. Co* and / reyaareax, PalaMototagiaal Bepaw * of Kentac !> y 

Sknmard and Swallow, Deecriptlon* of new foacil* from tht Coal Meaesrea of 
ffenaa*. Tronoctions. Acad, of Seine**, St. Loaie, VoU. 1 and II. 
Sail, Btpott on lb* GoologieJ 8urwj of Iaw% ToL I. 
of Mortb, 

to d«0 

i Yiiataennburg, Siaiaaat, etc, Mob. W. Ie>p«. da. «ien«* do St. 1 

MTU.TA1I, 
1891. <?«•*»<*, Die Dye* I. A Mb. 

1M1. Salter. On tbe feeatl* from lb« High Aadea, oolloeted by S. fork**, Quart. Jonrn. GooL 8oc., Vol. 
XVII, p. OS. 

180*. Daneboa, Ob mm aarfcoaiforen Braehiepoda, eolWted it> India by A. Fleeting and W. Purdon, 
Quart. Joarn. Orel. 6oe.. London, Vol. XVIII, p. 86. 
L. d, Konintk et Tb. JW ■'..:„, - Memoir* ear le* faaaUoa pabfoaeiqa*. RoraiHia das. rlnde." 
David ton. On tb* lower ovboaifarosi Braebiopad* of Mora Btotia, Qaart. Jooro. Oeol. Boc, 
London. Vol. XIX. p. 168. 

1868. P. Boemter, Uekor eioo marina CoDchylienfema in predactrren BUiakobtagcbirge OberaclJeeien*, 

Zoiuanr. a OeaWobon G*oL GeeeUecbaft, Bd. XV, p. &e7. 
1868. QeiniiM, Beilieega lar Konntniei der orgmsiaobn Ceberrcet* da Draa, Nana* Jahrb. f. If iaaral, 

■.ft* 

1*6-4. Meek aod Ha, den, PabeootoUejy at tb* Upper Miewari, Bautuaeaiaw C*aArib*Ai*o of 

VoL XIV, P . L 

1864. Mtek ia Whit**!, Geological Surrey of California, Vol L Paleontology. 

Salter and Bla+ford, Paleoatology of Miti in tb* Mortbera Himalaya*, CaleotU. 

1804, p. 91- 
Geinitt, Carbonfomation and Dya* id 

Vol. XXX III. p. 1. 

of 1 

1880-76. MM! and Worth*,, PeUcntology of 1 
1867. Vert hire, Kaebmir, tb* Weetera Himalaya 

Bengal, Celontta, Vol. XXXVI, Pt, % 
18*7. Tal. t, M—iUr, Ueber di* Trilebitea im 8t* 

dea Nataraltite* do Ma 
1967. Trautteaold, Cno«d*n sad I 

Boll 800. taVMK d*. Nat d* Moeooe, Vol XI, lie. 8. p. X, 
1867. Damdvm and Thorn*,*, Deaoriptkm of tb* Cerbonileroo* Biaobiopoda of CempM*town, Tiaa*. 

Goal. Boo. of Glaagow. Vol. II, pp. at, 1*9. 
1867-69. iltChetnry, DoMription of new ipena* of taaail* from tb* palanaai* raoki of tba WoeUrn 

Bute*. Traaaeetiooi, Obicago Aoad. of Saiaaoaa, Vol. L p> 1. 
1867-69. White and St. Joho, Doxiription of bow aabcarbaiuferout and oo*d-me*eure foaaila, etc, ibidem, 

Vol. I, p. 116. 

1860. Tool*, Ctbtr einig* Fonailion dea Kofabokalkei Ton Boliria, Sitanngebor. Ka«. Akad. d. 

aeb. Wien, metb. Mt a Bd. L1X, p. MS. 
1870. Meek, D*Kriptioa of now epeciee from tb* paleozoic rook* *f tbe Wat 

Aoad. of Sdmcoo, Pbiladdphia, p. tt. 
1870. Soemer, Geologi* Ton Oberwbleaien, Brealao. 

lets. Btkendf,. Deoeription of tba nalaoawo and aetoaoie fteeib of QooenaiaAd, Quart. Joorn. Goo). 

8oo, London, Vol XXVIII, p. 817. 
18T1. Meek. Pabnootology of EaaUm Nebraaka, n Af*ei and ffopaV.. Pinal Report apwa tb* C. 8. 

C 2 
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1873. L.itKoninek, Monographic de» foseiles oarboniferee de Bkriberg en Carinlhie, Mto.de Is So*. 

Royale dew Sciences de Liege. 
1873. Toula. Kohlenlielk-Foenilien Ton der SiidspitM Ti>n Spitsbergen, bitxuagsber. Xais. Akad. d. 

WUs*n«h. Wien, math, nat CL Bd. LXVIII, p. 867- 

1873. Mtek, Report of th. Geological Sumy of Obio, Vol. 1 1, PaUeontologv. 

1874. Derby, On the wboniferoos hrnchiopoda of Itaitnbe, Brazil. Ball. Cornell University, Ithaca, 

Vol. I. No. 2. 

1874-79. TrauUtkUd, Die Kalkbriiche too MiaUchkoiva, Mom. Soc Iraper. des Nat. de Moeteon. 

1875. Toula, Pormoonrbou-Foasilieu von der Weet Kiiste von Spitsbergen, Neuee Jahrb. f. Min. p, ! 

1876. Toula, Kobleukalk und Zeohetein-FoMilien ana dem Hornmod an der 8. W. Kii»le von £ 

Ken Stxgaber. Kaia. Akad. d. VViu. Wien, math. nat. CL Bd. LXX. p. 133. 

1876. IWe, Bine Kohlenkalk fauna voo den Barenta Inaeln (Nowsja Semlja), ibidem, Bd. LXX, p. 527. 

1877. Wkite, in Wkeeltrt Report open the 0. 8. Geographical Surveys wait of the one-hnndrodtb Meri- 

dian, Vol. IV, Paleontology. 

1877. Mtek, ffalUai WkitfiM in CI. Kinj'i Beport of the Geograph. and Geol. Exploration of the 
Fortieth Parallel. Vol. IV, Paleontology, Pts. 1 and 2. 

1877- 78. Stack*, Beitraege nt Kenntniee der Faana der Btllerophookalke Sodtirols, Jahrb. K. K. Geolog. 

Reiobs-Atut. Wien, Bd. XXVII und XXVIII. 

1878. Abiah, Geologieche Forschomren in den Kaakasisohea Liudern, L Th. £ine BergValk-fauna ana 

dor Araxeaenge bei Djonlfa, Wien. 
1876-78. X. de A'«a.«i, ReehereHes .ur lea fossiles palooioiqnee de laNouvelle Galle. du Bud, Mem. Sot. 
Royals des Sciences de Liege, Vols. VI, VIL 

1878- 87. L. de Konmck; Fannc du Cekaire carbooifire de U Belgique. Annalea du Musee d'hist. nat. de 

B'lpiqae, Braxelle* 

1879. Val. v. MottUr, Ueber die batbrologische 8tellnng der jungerea palsMioieehen 8chiehten-«yitem 

von Djulfa in Armenien, Nenes Jahrb. f. Min., p. 226. 

1879- 86. ir<woe., Salt Range Fossils, Pela-ontologi. Indict aer. XIII, Vol. I, Produotna Limeatone 

Fossils. 

Soemer, Ueber eine KohlonMkfaun. von der We.tkii.to von Snmnlw, P»l*o»togr.pbic», Vol.27, 
p. 1. 

K. Martin, B«itraege hi Geologie Oatasiens nnd Australiens, 8ammlungen das Reichs-Musenm. in 
LejUeu, Vol. I. Pie vcrsteinerungs ffihrenden 8edimente Timors. 
Wkitfietd. On the fauna of the lower carboniferous limeatone of Spergen HU1, Bnll. Amer. Moa. of 
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DESCRIPTION OF FOSSILS. 

Class: CRUSTACEA. 
Order: TRILOBITjE. 

Family: PR0ET1DJI, Phillips. 
Genua: PHILLIP8IA, Pertlook. 

1. PHILLIPSIA. 8P. IND. AFP. 8EMINIFEBA, PllUlipS. Pi. I, figB. 1, % 

188S. PiiMpti* <f. ttmintftn, hyiA\tt, Seolog; of the Xa»hmir »d Chimb. t*rr<toti«, etc. Hk 
Gool. 8ir». of Indi», Vol. XXII. PI. II. figs. 8, 6«. 

This apecies ia represented in the Himalayan collection by two pygidia only, 
which are too fragmentary and too badly preserved to permit an exact determina- 
tion. One of them (tig. 1) has been discovered and was compared with Philliptia 
eeminifera, Phill., by Lydekk er ; the other was not discovered, until the whole 
collection had been looked over several times, owing to the fact that it was- 
eruahed and partly covered by fragments of a Spiri/er. After carefully cleaning 
it, however, it was found to be a Fhillipsia, which I think may be safely referred 
to the same Bpecies as Lydekkcr's type specimen. 

The pygidium figured by Lydekker, which ia the better preserved of the two 
specimens available for description, is of a semi-elliptical shape, rather strongly 
convex and a little wider than long. The axis is considerably elevated above the 
lateral lobes. It is about one-third of the breadth of the entire tail-shield at its- 
anterior border. Its posterior portion baa been broken off, but from its preserved 
outlines we may judge that its extremity was rather prominent and distinctly 
obtuse. 

In my second specimen (fig. 2) this character of the central axis may likewise 
be noticed. In the preserved portion of the axis five coalesced somites are shown. 
The lateral lobes consist of eight pleura, terminating within the narrow marginal 
space. Traces of tubercles may be seen both on the surface of the pleurae and of 
the axial rings. 

The measurements of this pygidium can only be given approximately, owing: 
to its fragmentary and partly deformed condition. They are as follow : — 



Length of tbo entire pygidium 
Breadth „ 

Length of the ut*l lob* . 
Breadth „ „ ,. at ite 
&«M!th of the .oiuoth margin, 




10 mm. 

J2 „ 
8-S„ 
• « 
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The fragment of the second pygidium (fig. 2) shows eight somites in the axial, 
and sir pleune in each of the corresponding lateral lobes. Traces of an indistinct 
granulation may likewise be noticed, both on the surface of the strongly marked 
lateral pleurae and of the axial segments. 

No measurements of this pygidium can he given on account of its imperfect 
state of preservation. The dimensions may be gathered in a general way from the 
figure. Its original outlines seem to have been altered considerably by crushing, 
especially so in a transverse direction. 

Locality and geological poiition ; number of tptoiment examined. — N. of 
Eishmakam, Lidar Valley, Kashmir, in a dark-blue limestone with numerous 
Fenettellae ; Coll. Lydekker ; 2. 

Remark*.— Among the congeneric species from carboniferous rooks of Europe an 
districts, PhilUptia teminifera, Phillips, has been correctly compared with the 
present form by Lydekker. The two species are certainly closely allied, though 
probably not identical. It is especially the figure of PA. teminifera given by 
Woodward on PI. V, fig. 5, of his monograph of the British carboniferous Trilobites 
(Palsoontographical Society, London, 18S3, Part I) which strongly resembles 
Lydekker' s specimen. It it, however, not possible to fix the affinities between 
the European species and our Himalayan trilobite in a more positive way, as the 
state of preservation of the latter is too indifferent to warrant an exact determina- 
tion. 

Philliptia teminifera has been mentioned by L. de Koninok (Recherches sur 
les fossiles paleozoiques de la Nouvello Galles du Sud, 1876, p. 348) among the 
carboniferous fossils of Colocolo in Nevr-Soutk-Wales, but I am far from con- 
vinced of the correctness of this identification, especially regarding the pygidium 
figured by this author on PI. XXIV, fig. 9a of his memoir. 

An Australian species, which is probably closely allied to the present one, is 
Qriffithide»dubiu*,'Et\i(snd S e (Quart. Journ. 1872, Vol. XX\III, p. 338, PI. XVIII, 
fig. 7) from the carboniferous rocks of the Don River in Queensland. 

XOLLUSCA- 

Class: LAMELLIBRANCHIATA. 

There is no more difficult group among the anthracolithic fofisils of Kashmir 
and Spiti than the Lamellibranchiata. Although this class is well represented, I 
have not met with one single complete specimen. Thus even the few identifications 
must necessarily remain unoertain. This will, I hope, explain why I deemed it 
preferable to indicate the described species which are probably new, as tp. ind. 
only, without adding a particular denomination. All the numerous specimens 
collected by Dr. Verckero have been purposely excluded from a special description, 
their fragmentary state of preservation rendering them absolutely unfit for deter- 
mixi&jtioQ* 
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I need hardly say that with such materials no idea of the real character of 
the fauna can he formed. No doubt, systematic researches at the proper localities 
will greatly add to our knowledge. 

Order : ANISOMYARIA, Neumayr. 
Family : 31 mil DA', ham. 
Genus: MODIOLA, Lamarck. 

MODIOLA ? 8P. IND. PI. I. fig. 5. 

The umhonal region haTing been broken off entirely, the fragment of a right 
valve is provisionally and with much hesitation referred to the genus Modiola on 
account of its external similarity with somo typos, figured by L. de Koninck on 
PI. 28 of his "Faunedu Calcairo Carbonifere doBclgiquc" (Annales du Musee 
Roy. d* hist. nat. T. XI. 5 erne ptic.). It especially reminds of M. princeps or 
of M. fusiformis by its obliquely elongated, slightly inflated shape, and by its 
numerous concentric striae of growth, which are of somewhat irregular strength 
as in M. Cordoliana. 

Locality and geological position ; number of specimens examined. — Dark-blue 
micaceous shales with numerous Fenestra > t near Eishmakam, Kashmir Valley ; 
Coll. Lydekker ; 1. 

Family : PECTlMDyE, Lamarck. 
Genus: AVICULOPECTEN, M'Coy. 

AviCTILOPKCTEN SP. IND. PI. L fig. 3. 

The only known specimen of this species is a right valve with a nearly circular 
outline and a very indifferent sculpture. The valve is strongly inequilateral, flat f 
and about as long as high. The apex is anterior in its position, slightly prominent, 
limited on both sides by wings of unequal size, the posterior ear being considerably 
larger than the anterior one. It is on the strength of this character that 1 have 
considered this species as belonging to the genus Aviculopecten. 

Both wings are marked off distinctly from the remainder of the shell. The mar- 
ginal edges, which separate the apical region of the valve from the wings, slope very 
steeply towards the surface of the latter, although their general elevation above 
them is not considerable. The anterior margin projects far in front of the anterior 
wing and passes gradually into the ventral margin. The posterior margin is conti- 
nuous, not sinuated at the commencement of the posterior wing. The hinge-line 
is only ono-half the length of the antoro-postcrior diameter of the shell. 
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The whole valve is very flatly arched, its greatest thickness being situated 
about the middle of its height. 

The surface is smooth with the exoeption of numerous and delicate concentric 
lines of growth. Traces of a few radiating costm may be seen on the surface of the 
posterior wing. 

The measurements are as follow :— 



Entire length of the .hell SI mm. 

., height „ ., 21 p. 

Length of the hinge-line 9 „ 

Thiekneu of the right ytln I S ., 

Apical ingle withoat the wing «». UO° 



Locality and geological position ; number of specimens examined.— Dark-blue 
shales and limestone partings with Fenettellm, near Eishmakam ; Coll. Lydekker ; 1. 

Remarks. — A specific determination is impossible. In ornamentation it re- 
sembles A. tquamula, Waagen (Salt Range Fossils, Pal. Ind., ser. XIII, Vol. I, 
Prod. Limest. Foss., p. 315, PI. XXIV, fig. 5), but it differs from it radically owing to 
its strongly inequilateral outline. From J. sibiricu*, Verneuil (Geologic de la Ruasie 
d" Europe, Vol. II. Palebntologic, p. 829, PI. XXI, fig. 7) and A. ellipticut, FhilL, 
it is also readily distinguished by this latter conspicuous character. There is also 
a distant similarity between it and Aeicula circularit, Hall (Palteontology of Iowa, 
p. 522, PI. VII, fig. 9) or Streblopteria cellctms, L. de Koninck (Faune du calcaire 
carb. de Bolgique, p. 209, PI. 39, fig. 14), although the Kashmir shell is certainly 
not a Streblopteria. 

Genus : PECTEN, Klein. 

1'ECTSN BP. IND. PI. I. fig. 4. 

This species is represented by a single left valve only. 

Outline transversely oval and very inequilateral. Apex anterior not very 
prominent, pointed. Two wings, of which the anterior is by far the larger. I 
based the determination as I'ectenon this character, no other generic features being 
seen. Anterior wing flat, almost rectangular, separated from the anterior marginal 
edge of the valve by a furrow, bounded by a comparatively high perpendicular 
wall. Towards the posterior wing the shell is less steeply inclined, but the edge 
separating them is also distinctly defined. This wing is rather small and cut off 
obliquely, its posterior margin meeting the hinge-line at an obtuse angle. Hinge* 
line rather short, barely one-half the entire length of the shell. 

The anterior margin forms a broad curve and projects only slightly in front 
of the anterior wing. It is continuous with the broadly arched ventral margin. 
The posterior margin passes into the ventral one in a kind of an obtusely rounded- 
off angle, from where it ascends in a nearly straight, oblique lino, passing into the 
furrow which separates the posterior wing from the remainder of the shell. 

The valve is moderately inflated, its greatest thickness being situated about 
the middle of its height. 
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The ornamentation consists of numerous extremely thin concentric striee of 
growth, which arc crossed by a system of radiating costie. The latter are aug- 
mented in number towards the margins by intercalation. They are unequal 
in strength, roof-shaped and separated by valleys of unequal width, but stronger 
and thinner costie do not alternate regularly. On the anterior wing a delicate 
radiating sculpture is likewise noticed. The posterior wing is entirely smooth. 

The measurements are as follow : — 

Entire length of tha shell 1S S mm. 

„ height „ . ....... 19 „ 

IsMejth ol tbt hinge-1i«e 7 ,. 

TbiekoeM of the left ralte • „ 

Apiatl angle without th« wingi 86° 

Locality and geological portion ; number of specimens examined. — Dark-bluo 
micaceous shales, associated with Spertfer Lydekkeri and Fenetiella, Eishmakam, 
Kashmir Valley ; Coll. Lydekker ; 1. 

Seumrks. — The specimen is too fragmentary to determine its relationship to 
other congeneric forms. In the character of ornamentation it is not unlike Pecten 
prcecox, Waagen (Salt Rango Fossils, I.e., p. 318, PI. XXIII, fig. 3), from the top 
beds of the upper Pro ductus limestone, or some of the Pectines from the 
Bellerophon-limestone of the Comelico district described by Stache, bat it radically 
differs from them by its strongly inequilateral shape. 



Class: PTEROPODA? 



Order : CONULARIDA, Waagen. 
Family: CONVLARIDA, Waloott. 
Genus: CONULARIA, Miller. 

COHTJIAEIA. TENUI8TBIATA, M'Coy. PI. VII, fig. 6. 

J847. C<m<d»ria itnuittriata, M'Ooy, On the fossil boWnr and aoology *l the roeki associated with tU 
coal of Auetralia, Annul, and Hag. of DM. Hietorj. Vol. XI. p. 807, PI. XVII, fig.. 7. a 

1877. C. temittriata, L. do Koninck, RsehenihcB ear lea foaa. paltozoiquea do la Nov relic G alias da Sad., 
p. 310, PI. XXIII, fig. 2. 

1886. C. tnuutriata, We*g*n, Records Geo!. Burr, of India, Vol. XIX, Pt I., p. 26 ; PI. I, fig. 8. 

1891. C. tenuiitriata. Waagen, Salt Range Fossils, Pal. lad., sti. Sill, Vol. IV, Geological Result., p. 128, 
PL V, fig* 8, 3. 

A single fragment of this species was quite accidentally discovered when 
phisclling out a specimen of Spirifer Lydekkeri from a block of quartz-sandstone. 
I only succeeded in clearing two of the perfectly well preserved faces from the 
tough matrix and in developing the transverse section. Although incomplete, 
the specimen is, I think, sufficiently well preserved to permit of identi6cation. 
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The fragment belongs to a young individual of a total length of about 
60 mm., of which 29 mm. is preserved, whilst the apical portion was broken off. 
Apical angle very small, a little less than ten degrees, imparting to the shell a 
strongly elongated shape. Outline of the transverse section somewhat rhomboidal 
and inequilateral. The narrower side is nearly two-thirds the breadth of the broader 
one. Both the longer and narrower faces are distinctly impressed in the middle. 
The four corners of the pyramid are marked by narrow furrows, in which the ribs 
from both sides meet, being slightly bent backwards and alternating with each other. 
These trans verse ribs, which ornament the four faces, meet in the middle of the latter 
under an obtuse angle and there mostly alternate. Very few only unite directly 
with each other and then form simply broken, upward curved lines. The ribs are 
very thin, smooth on their crests, and rather regularly distributed. From seven- 
teen to twenty ribs are counted within a space of ten millimetres. 

I have not observed any striation on the surface between the ribs. 

I do not think that there can be any doubt about the identity of this fragment 
With the specimens from the Conularia-nodulea of the Salt Range boulder-group, 
which have been described as C. tenuistriata by Waagan. Whether the specimens 
from the Salt Range ought to bo identified with M'Coy's Australian species 'appears 
to me less certain. The latter seems to be distinguished by its strongly inequilateral 
transverse section, the narrow sides of which attain scarcely one half the longth of 
the broader ones. The difference in the number of ribs in the Indian and Austra- 
lian type* has been satisfactorily explained by Waagon. In the small fragment 
figured by L. de Koninck (L c. PI. XXIII, fig. 2a) exactly the same number of 
ribs is counted within a space of 10 mm. as in the present specimen. If the 
difference in the shape of the transverse section should bo thought a sufficient reason 
for distinguishing the Salt Range and Kashmir types from the Australian ones by 
a varietal denomination, the name Conularia lenuiatriaia var. Indica might be 
applied to them. 

It cannot be identified with C, laevigata, Morris (in Strzeleoki's Physical 
description of New South Wales, etc., p. 290, PI. XVIII, fig. 9), on account 
of its considerably smaller apical angle, its rhomboidal, not rectangular, laterally 
impressed transverse section, and its more numerous ribs. Prom C. Warlhi, 
Waagon, and its allies it is at once distinguished by its different sculpture. 

Locality and geological position ; number of tpeoimeni examined. — Quartz 
sandstone with Spirifer Lydckkeri, Ladakh Valley, Kashmir; Coll. Lydekker; L 

Ilemarfc$.— The occurrence of this species in the quartzitic sandstones of the 
Ladakh Valley is of no small interest. Its importance is, however, diminished by 
the fact that too exact stratigraphies! position of these sandstones in the anthra- 
colitbic system of the Himalayas is as little known as that of the Qonularia- 
nodules in the Salt Range boulder bed, discovered by Dr. Warth in 1885. 

Convlarin tettwttriata has been quoted from the carboniferous sandstone of 
Murree by L. de Koninck, from the boulder bed of the Eastern Salt Range by 
Waagen and from the Gympie beds of Queensland with some hesitation by 
Etheridge, jun. 

it 
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M0LLUSC0IDEA. 

Class: BRACHIOPODA. 
Order: TE8T1CARDINES, Bronn. 
8uborder: APHANEROPEGMATA, Waagen. 
Family: VRQDVCT1D&, Grey. 
Subfamily: PRODUCTINJ3, Waagen. 

Genus: PRODUCTU8, Sowerby. 

The Productidee are the* most numerous fossils from the anthracolithic rocks of 
Kashmir and Spiti. Four genera (viz. subgenera) of this family are represented 
among them. They are : Productua, Margiuifera, Strophalosia, Chonetet. Among 
them the genus Productua takes the most important part, at least regarding the 
number of species, of which I count not less than eleven altogether. Three of them 
are to be attributed to the section of Umbriali, two to the Semireticulati and 
Spinosi, one to the Lmeati, Undati, Caperoti, and Irregularea. 

A classified list of the Producti, from Kashmir and Spiti, which I have been 
able to determine specifically, is drawn up in the following scheme :— 

I. Sictiok, LINEATI. 

1. Product** Cora, d'Orbigny. 

II. Skotiow, UNDATI. 

2. Product** undatuf, Defrance. 

III. Ssctioh, SEMIRETICULATI. 

3. Product** temiteiieulalui, Martin. 

4. P. of. tonaitfin**, Sowerby. 

IV. Sectiok, SPINOSI. 

5. Product ut tf. tcabriculu*, Martin. 

6. P. cf. tpin*loiu*, Sowerby. 

"V. Ssction, FIMBRIATI. 

7. Produefut Abicki, Waagen. 

8. P. fmttulo»ui, Phillip*. 

9. P. punetatut, Martin. 

VI. Siction, CAPER ATI. 

10. Prod*el*t aculeatui, Martin. 

VII. Section, IRREGULABES. 

11. Product ut mougolicut, Dicner. 
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In addition to these species a very remarkable one may be mentioned! which has 
been described and figured by Professor Davidson (Quart. Journ. Gcol. Soc, London, 
Vol. XXII, 1866, p. 44, PI. II. fig. 16) as fW«c/e»» laecig, not. »p. It was 
founded on a single ventral valve, " occurring in a coarse limestone in the Zcwan 
beds, valley of Kashmir, but less compact and of a lighter grey, than the bed, 
from which most of the species, found at Khoonuioo, were obtained." 

Davidson's description of this species is as follows :— «• Shell small, nearly 
circular; hinge-line slightly shorter than the greatest width of the shell ; ventral 
valve evenly convex ; ears small, surface smooth (?) ; length 3 lines, the width 
Blightly exceeding the length." 

This species is not represented in our collection. Without venturing a decided 
opinion on this subject, I do not think it superfluous to draw attention to the striking 
resemblance of Productus laevis to the triassio Koninckina Leonhardi, Wissni., 1 
from St. Cassian. As Professor Davidson himself asserts his specimen to have been 
found in a rock lithologically different from the limestone, from which the majority 
of brachiopoda collected by Captain Godwin-Austen had been obtained, the identity 
of P. laevti with a species of Koninckina is not impossible. In the upper triassic 
beds of the Bambanag Range (Kumnon) the presence of AmphicHna, a typical 
representative of the Koninckinidce, has been proved by Dr. Bittner. 4 

On the other baud an identity of Prod, laevit w ith Leptaena indiea, Waagen 
(8alt Range Fossils, Pal. Ind. ser. XIII, Vol. I, Prod. Limest. Foss., p. 609, 
PI. LVIil, figs. 7—9) from the Katta beds of the middle Productus limestone is 
likewise possible as has been suggested by Waagen himself, although to me this 
solution of the question does not seem very probable. For Mr. Davidson should 
scarcely have placed, I think, his Kashmir species in the genus Productut had 
he been able to demonstrate the presence of an area in his specimen of a similar 
kind, as it is developed in Leptaena indica. 

Besides these species Productut Humboldti, d'Orb., P. Bolicicnsis, d'Orb., P. 
cottatut, Sow., P. Purdoni, Dav., lave been quoted from the carboniferous rocks 
of Kashmir by Dr. Verchere. The last mentioned species has ah» been described 
from the Kuling shales of Spiti by Stoltoska, but it is absolutely impossible to 
venture on an identification of these forms, as the interpretation of species, as 
applied by Verchere, widely differs from that adopted in the present memoir. 

» A. Bittner, BneMopodra A»r Alpineo Trin, Abhaadlgn. K. K. Geol. R«iehcAiuL Wi«, Bd. XIV. 
PI. XXX, fig.. «-50. 

* C. Dittttr, BrgtbniiM *in«r 0*ologiMh«n Espeditwn in im Central HiniUj*, Drolucbr, KiU. Akad. d. 
*UMO*eh»ft«n, Wieo. m»th. nit, 01mm, Bd., LXII, ISM, p. 668. 
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I. Section: LINEATI. 
1. Peodcctts Cora, d'Orbigny, PL I, 8g. 12". 

1872. Product; Cora, d'Orbiffoj, To/ag. ivi 1'Amerique Mendiunal*. T. III., 4 ime pLio., PakWov 

log.., p 55. PI. V, fig.. 8, 9. 
18«8. P. Cffrd, Di.yid.oii, Qnart. Joorn. GeoL Boo., Tol. XXII, p. 73. 

1867. jP. Cora, V.r l.i , Kashmir, the W -■ ■ m HimaUja andtbe Afghan Moontartu, Joorn. AaiaL 8oc. of 
Ber»B»l, Vol. XXXV. Pt. II, pp. 208, 21*. 
For further ayrjonjmn my memoir on the Chitichun-fo*il» (Pt. Ill of the present volume} .mght to be eoruulted. 

Two ventral valves referable to this well-known species have been obtained by 
Lydekker from the carboniferous limestone of Barus in Kashmir. One of them 
is fairly complete and agrees very well with the figures and description of P. Cora 
given by Waagen in his monograph of the Salt Range Fossils (Pal. Ind., scr. XIII, 
Vol. I, Produotus Limestone Fossils, p. 677, Pi. LXV, fig. 3 ; PI. LXVII, figs. 1, 2), 
It is larger than any specimens from the permo-carbonifcrous limestone of 
Chitictun, No. I, and nearly, equals in size the example figured by Waagen on 
PI. LXVII, fig. 2. 

It is considerably broader than long and provided with tolerably large- 
asymmetrical wings. The curve of the valve is rather irregular, being somewhat 
flattened in the apical region. The apex is strpngly curled inwards. The hinge* 
line corresponds to the greatest breadth of the shell. The trail is not preserved. 

Not the slightest trace of a sinus is exhibited in the specimens, which conse- 
quently must be separated from the group of Productut Neffedievi and placed in 
the group of P. corrugatua, M'Coy. The latter species and P. Cora arc very 
closely related to each other. According to Waagen their only difference consists 
in the general absence of spines on the surface of P. corrugatut. As a few 
irregularly scattered Bpines are exhibited on the surface of my type specimen, I 
deemed it preferable to identify it with d'Orbigny's species. 

Apart from these few, irregularly scattered spines, the ornamentation' 
consists of numerous, delicate, radiating striae, which are descending 
straight across the frontal region of the valve. A few indistinct concentric folde- 
or wrinkles are developed on the wings. 

Neither the dorsal valve, nor the internal characters are preserved. 

The approximate measurements are as follow:— 

Ix»(ftb ol tb» ihaii in a .traijiht line 16 4 tan, 

»W n „ 

Br»dlb of the tbell 28 ., 

Tbickom of tot Tratnl ralrt 12 

Locality and geological position ; number of specimem examined. — Barus, 
Kashmir Valley, in a dark blue limestone; Coll. Lydekker; 2. From the same 
locality three or four specimens were obtained by Capt. Godwin-Austen, whioh 
have been referred to this species by Professor Davidson (vide antea). 
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Remarks. — In identifying these specimens with Productm Cora I am 
taking this species in the circumscription attributed to it chiefly by Russian 
geologists. Further remarks on this subject as well as on the geological range of 
P. Cora will be found in the third part of this volume (pp. 16 and 17). 



II. Section s UNDATI. 
2. Pbodxtctcs tjxdatus, Defrance; PI. I, figs. 9, 10. 

1MB. iWaWe* uudtuM, Defranoe. Dictionneiw de* ..ienee. netur. Vol XLIII. p. 861. 
1842. P. undtttu, L. do Kun.uck, Ddacriptum da* euiu.au! U*u. do timin eerbooif. da Belgiqoe, p. 166. 
PI. 19. fig. 2. 

1844. P. tortili; It'Coy, Synovia of th« «u>:i wr» of the carbon f.ieeile of Inland, p. U6, Fl. XX. 
Sg.14. 

1846. P. umlaut; E. de Veroeuil, Geologic de b Kuaaie d'Earope, Vol. II., Peleoatologie, p. 261, PL X V, 
fig. 16. 

1M7. P. undalut, L. de Koninck, Monographie dee genre. Product** «t CAoaefee, p. 68, PL V, fig. 8. 

1860. P. uudalu., DeTideon, »«H«t. of tbe 8*»tt..h C.rb- Braehiopode. p. 41, PL IV. fig.. 16-17. 

1861. P.umdatu; Davideon, Mortar. Brilieh Carbonif. Br.chiop..d», p. 161, PL XXXIV, 6g», 7-13. 
1874. P. uudatut (P) Toala, Kohleukalk-nnd Zeoh*1eioKoe«iliei* Ml Jem Hor.nund en An Sudwctkuete 

eon Spitabrrgvn, Sitzgaber. Kaie. Akad. d. WiMnwli. Wien math, net. CI. Bd., I.XX, p. 9. 
1876. P. u.uiatKi, Traot.ekold. Die Kalkbruche eon Mtat-cbkn*-.. p. 66, PI. V. fig. 2. 
1876. P. uniatut, L. de Koninok, Reeherehee Mai lee foeeilee PaleWiqneo de la Soovelle GeJIee da Sad, 

p. 180, PL IX. fig. «. 

1888. P. ef. undatu; Staobe, Fragment* rin.r .OiUoiaoher, Koblenkalkfanna as* dem Gebiete der Weet- 
Sahera, Denke.hr. Kai. Ak.d. d. Wie.en.eh, Wi.u. math. net. CI. Bd. 46, p. 404, Taf. VII. 8L 

1683. P. undotw, K«j». t, Oberearbonieooe Ka ma too Loping, Bichthofen'a China, Bd., IV, p. 188, 
Taf. XXVI. fig.. 18, 13. 

1990. P. uudatut, Foard, Kotee on tbe PeJemotologr cf Weetern Auetralie, Geological Magazine, Loudon, 

new ear., Deeede. III. VoL VII, p. 162, PL VII, Sg. 8. 
1892. P. uudatut, Etheridne jun. in Jack and Etheridgo, Geology and Falawratolcgj of Queeneland and 

New Oninea. p. 264, PL 12, fig. 16. 
1895. P. uudotu; Tornqnirt, Dae foee>lflibrende LTnterearbo* an) oeetliohen RoetbergmaaiT in dan Sad- 

Vogeeen. Tb. I. Abbandlungen inr Oaologiecben Special-Kerte von Eleaee-Lotbriogcn. Bd. V, 

Hit. 4, p. 70. Taf. XIV, fig*. 9, U. 

Two casts of dorsal valves which have been oollected by Lydekker in the 
carboniferous rocks near Eishmakam are referable to this characteristic and easily 
recognised species. 

One of them is of an unusually largo sise, larger even than Kayser's type- 
specimens from Loping, whereas the second is an average sized example, of 
nearly the same dimensions as L. de Koninck's type specimen from the Belgian 
Calcaire de Vise. Both of them are broader than long, making however excep- 
tion of the trail, which is very well developed in the larger specimen (fig. 9). 

Valve slightly concave, with a regularly excavated apex and with indistinctly 
defined auriculatc expansions. No trace of a median fold is developed. The 
hinge-linc is shorter than the greatest width of the shell. 

The ornamentation is very characteristic and agreos in every respect with the 
figures and descriptions given by L. de Koninck and Davidson of tbe sculpture in 
their European type-specimens. The surface is covered by very nu-nerous and 
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delicate radiating striae, which are not continuous but interrupted by an equally 
delicate, concentric sculpture. The number of these radiating thread-like stria? is 
augmented by intercalation. The most prominent feature in the ornamentation of 
the shell is, however, the numerous concentric lamellae or wrinkles of growth, which 
sharply imbricate and occur at irregular distances, but all over the surface 
of the valve, imparting to the latter a terrace-shaped appearance. The 
steeper, occasionally perpendicular slope of these undulating lamellae is directed 
towards the apex. Only very few lamellae can be traced across the entire valve. 
As a rule, either two separate wrinkles uuite during their passage or are absorbed, 
whilst a new one is rising at some distance. In the trail this concentric, crumpled- 
like sculpture is but very indistinctly developed. In my two specimens it is alto- 
gether less strongly marked than in the Chinese specimens from Loping described 
by Professor Kayser. 

No traces of spines or tubercles have been discovered. 

On account of the variability of the outline of my larger type-specimen with 
its partially preserved trail, it appears barely practicable to give exaot measure- 
ments. The drawing (fig. 9) will however give a sufficiently clear idea of its 
dimensions and features. The second specimen is not complete. Nevertheless the 
indication of its length, breadth and thickness may perhaps be of interest. 

The measurements are as follow :— 

Length of the dorwl rmlre eat. 25 mm. 

bre*ith „ „ . ., , t! „ 

I>*l*h ........ I . 

Length of dW Linge-lbe ««. 28 „ 

Locality and geological position ; number of specimens examined.— Dark blue 
limestone with Fenestell", North of Eishmakam, Kashmir Valley ; Coll. Lydekker; 2. 

Bemarks.—Produrtu8 vndatus is a comparatively nre but wide spread species, 
both in lower and upper carboniferous rocks of the Eastern hemisphere. In 
Europe it is known from Belgium, where it occurs chiefly in the Calcaire 
de Vise, from Great Britain, from Central France, from Alsatia and from Russia, 
where it occurs in the Moscoviau stage of Miatohkowa. It has been described by 
Stache from the lower carboniferous beds of the Western Sahara, by Kayser from 
the upper carboniferous deposits of Loping in Cbina, by L. de Koninck from a 
carboniferous sandstone near the Faterson River in New South Wales, by Etheridge 
jun. from the Gympie beds of Queensland. Toula quotes the species as doubtful 
from the permo-carboniferous rocks of the Hornsund in Spitsbergen. 

A. H. Foord figures a JProdttctus from the carboniferous rocks of the Irwin 
river (Victoria district of Western Australia) which he considers to be identical 
with P. nnilatu*. I am however not convinced of the absolute identity of the two 
forms. The Australian specimen differs from the typical shape of P. undatu*, as it 
is described by L. de Koninck, by the larger number of its spines and reminds very 
strongly of P. cancriniformis, Tschernyschew (Me'm. du Comit6 Ge\)I. de la Russie, 
Vol. Ill, No. 4, St. Petersbourg, 1889, p. 373, PI. VII, figs. 32, 33). This spinose 
variety of P. nndatus can barely he distinguished from P. cancriniformis, if one 
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has to deal with ventral valves only, the chief difference consisting in the shape 
of the dorsal valve, which is regularly concave in P. undatu*, but distinctly 
geniculate in Tschernyschew's species. 

The fragment from Djulfa in Armenia, considered first as identical with 
P. undatug by Abich (Qenlogiaohe Forschungen in den Eaukasischen Lcendern 
I. Theil, Eine Bergkalk-Fauna aus der Arnxes-Enge bei Djoulfa, p. 31, Taf. V, 
fig. 10), hue referred later to the permian Prod net u* hemitpharium, Kutorga, both 
by Abieh himself and by Val. von Moeller, has certainly nothing to do with the 
carboniferous species. 

III. Suction : 8EMIRETICULATI. 
3. Pboddctus sejiireiicclatos, Martin. PI. I, fig. 14; PI. II, fig. 10. 

Atomilti tcmirrtirmUtut, Martin. PetrifiotU LWbirntia, PI. XXXII. fig*. 1. 2 I PI. XXXUI, fig. 4. 
1606. PtvJucttu ttmirttieultttiu, DurUlion, Quart. Juom. UooL Si*, London, VoL XXII, p. 36, PL I, 

fig. 6, p. 43, PL II, fig. IS. 
1867. Prod, nmirtticulattu. Verchero, Joarn. Aiittio 8oc. •( Bengal, VoL XXXV, Pt. 8, pp. 201, 212. 

For a moro complete list of synonyms vide my monograph on the permo-car- 
boniferous fauna of Chitiohun No. I (Pt. 3 of this volume). To these synonyms 
the following ought to be added :— 



P. nmirttienlaiu; DavuUon, On tha lower carbonifi 
Gool. Bet, Vol. XIX, p. 174, PL IX, fig.. JiO. 11. 
1890. P. ..•.rrti < -./«<«, Jnlirn. L* terrain enrbonifor. mtria do U Ptaoc. Central*, p. 65. PL I, fig*. 1-4, 13, 

PL VII, fig.. 4-6, PL XI. fig. 6, PI X II. fig. 8. 
S$c P. ttmirttieutatm, Stolicxka, Mem. Geol. S.rv. of India, Vol. V, Pt. I, (UCS) P *». »•« LjxU««". 
ibid, VoL XXII, PL II, fig. 1. 

This well-known and far-spread species is not at all rare in the carboniferous 
i of Kashmir, but most of the specimens are in a rather inferior state of pre- 
servation. A small number of specimens is however sufficiently oomplete for 
identification. 

Most of the specimens are of considerable size, some of them reaching 
90 mm. in width. The ventral valves, whioh as a rule are entirely crushed 
or show no shelly substance, are provided with a distinctly developed sinus, 
whioh in some specimens is quite as deeply indented as in the Carinthian 
variety, described as P. fmireticulatu* var. hathykolpo* by Sohellwien (Palseonto- 
graphica, Bd. 39, 1892, p. 22). Curiously enough, dorsal valves of this species are 
generally raujb better presorved than the ventral ones. A tolerably complete 
specimen of a dorsal valve of P. temireticulatw from Barus is represented on PI. I, 
tig. 14. This specimen is provided with a long hinge-line, distinctly developed 
wings, and with a shallow median fold, becoming more prominent in the vicinity 
of the front only. The flat proximal portion, whioh is covered by the characteristic 
reticulate sculpture, meets the frontal portion at a right angle 

In one of the specimens (PI. II, fig. 10) the internal structure of the ventral 
valve is clearly exhibited. In tbe deep valley between the coarsely striated 
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divaricator muscular scars the phylloid petal-shaped adductor, or ocolusor impres- 
sions are situated. The proximal portion of the cast is separated from tbe hinge 
margin by deep furrows. The apex is smooth, crossed only by a low, distinctly pro- 
duced ridge. The internal surface of tbe shell is covered by numerous coarse granu- 
lations. 

The measurement* of this cast are as foUow :— 



Length of the shell in a straight line ..... . . GO mm. 

„ , , „ „ along the oanre . 82 „ 

Breadtb or tlx- ihell ooa. 60 „ 

Thickness of tbe rent ral valro 80 „ 



Locality and geological position ; number of tpeciment examined.— Shaly lime- 
stone with Fenesfella, Barns, Kashmir Valley; Coll. Godwin-Austen ; 6; dark blue 
limestone with Fenentella, N. of Khummn, near Parnpur ; Coll. Lydekker ; 5 (includ- 
ing the two figured type-specimens) ; Tangar, N. W. of Avantipur ; Coll. Lydekker ; L 

The specimens described by Davidson were obtained from Barus and from 
Loodoo, W. of Wasterwan. 

Remarks. — The fossils from Kashmir and Spiti which have been quoted as 
Producttu gemireticulatus by Stoliczka and Lydekker are different from Martin's 
species and must be classed among the subgenus Marginifera. They will bo de- 
scribed hereafter as Marg. himalaijentis. 

4. Pbodtjctus cf. LONGispnrcs, Sowerhy. PI. I, fig. 11. 

1814. Predict* lo^upi**,, Sowerby. Mineral Conchol., VoL I, p. 161, PI. LXVIII, fig. 1. 

1814. P. Fleming*, How.rby, ibidem, fig. 2. 

1814. P. rpinot*'' Sowerby, ibid. PI. LXIX, fig. 2. 

1828. P. lobut**, Soirerby, ibid. VoL IV. p. 18, Pi. 818, fig*. 2-6. 

1836. P. tetota, Phillip*, Geology of Yorkshire, Vol. II, PI. VI II, fig«. 9, 17. 

1811. P. lobatu*, h. ron Buoh, Abhnndlgn. KiJnigl. Akai d. Wisamiaoh. Berlin. I. Th. p. 88, PL II, fig. IT. 
1848. P. i^i-yiny*. L- d. Koninok. I*«r. d» animra foasile* du Terrain oarbon. do Belgioue, p. 1H7, 
pi.xii.fig.il, n. XII, M/, fig. 2. 

1845. P. lobaint, E. d» Vernroil, («ologie de la Koiaie d'Eorope. VoL II. Paleontologio, p. 266, PI. XVI, 

fig. 8, PI. XVIII, fig. 8. 

1846. P. tutariui (f) Graf Keyserling, Beiae in dat Pi.tachorala.nd, p. 208, PI. IV, fig. 6. 

1847. P- Ftemingii, I. de Koninek, Monograph!. d« genre. Productu. et CAoaet... p. 96, PI. X, fig.. 

2.8. 

1860. P. Fltmingii, Qrvenewaldt, Beitrage znr Kenntntn dor aedimentaren Gebirgaformationen etc.. 

Mom. de I'aead. impfr. dea science d* 84. Pfcenboorg »6>. VII, T. II. p. 123, Tni. Ill, 
If. 4. 

1861. P. lon$upi»<u. Davidson, Monograph British Carbon. Brachiopoda, p. 154, PI. XXV, figi. 5—17. 
1866. P. Orbignyanut, tirinitr, Cathonfonnation und Dra* io Nebraska, p. 6q, Taf. IV, figa. 8—11. 

1887. P. Mat— tar. paueleottatoi, TraaUobold, Ball, soc impor. dee natur. de Moaoon, T. XI. p. 87. Taf. 

V, fig. 8. 

1870. P. lonfitpinm, Kramer, Geologie tod Oberaohleaieo, p, 89, Taf. VIII, fig. 2. 

1878. P. UnjUpinu, f Meek, in Meek and Hajden, Pinal Rerort of tie D. 8. Geological Surrey of Nebra- 

•ka, p. 161. PI. VIII fig. 6 (non PL VI, fig. 7). 
1878. P. WhmmfS, L. de Koninek, Monograph* do* foaaile. carbonifere* de Bleiberg, p. 24, PL I, 

fig. 14. 

1874. P. longitp i»tt (f) Toola, Kohleiikalk nod Zeebatein Fosailien au* dera Horoennd an der Stidarnt 
Kuate too Spitsbergen, Sitzgabar. Keif. Akad. i. Wiee. Wieo, LXX, Bd. math. oat. CL I. AUfa. p. 
Kk fig. 7. 
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187«. P. longitp'nnt, TnatsahoU, W« Kalkbriiah* veo M attack kowa, p. 67, Taf. I, Gk 4. 
1W6. P. «!»«<*•*, TrauUeWld, ibid. p. 61. Taf V, fig. 5. 

1880. (P) P. Borrow, Ob« .in. Kohlrnkalk Fauna dor Wa.ku.to tod Boraatra, P.Wogra. 
phioa. XXVII. Bd. p i. 

1983. P. trmguptiutt. Kayaer, OWiearlxminche Fauna top Loping, Biththolen'i China, Bd. IV, p. 188, Tat 
XXVII, fig. 1, ... 3-4. 

1880. P. tovn'pi**: Nikitin, Mem. Com. G*n) de la Bowie, VoL V, No. 5, p. 159, PL I, fc>. 7-18. 

P. /onji'fUM, BcMSwiro. Die Fauna dr. Karniwhoa Fa«uliiHmk*lk«, Falasuntographioa, Bd. 80, 
p. S3, Taf. Ill, Gg. 4-6. Taf. VIII, fig. 26. 

The only specimen referable to this species consists of an incomplete ventral 
valve, which, however, agrees in every respect so perfectly with some British 
specimens from Yorkshire that I do not hesitate to identify it with the latter. 

In my specimen the apical region is partly broken, but the rest corresponds 
exactly with Davidson's type-specimen from Yorkshire, figured on PI. XXXV, fig. 
7, of bis monograph. The shell is slightly transverse, a littlo wider than long, 
evenly convex in a longitudinal direction, but in the transverse direction divided 
by a broad sinus, which flattens gradually towards the front. The lateral parts 
appear Btrongly depressed and descend in a very steep curve to the margin. The 
small auricular expansions are slightly curled. 

There is not the least trace of any marginal ridge, which forms the distinguish- 
ing character of Waagen's subgenus Marginifera, This specimen certainly cannot 
therefore belong to the latter, the shell margin having been broken off in such a 
manner that the absence of a 'prominent sholly ridge within the wings warrants its 
separation from Marginifera. Having a large number of true Maroiniferai from 
Chitiohun No. 1 and from Kashmir at hand for comparison, I ajn fully convinced 
that this specimen belongs to the genus Productus, «. «. 

The surface of the ventral valve is covered by numerous rounded longitudinal 
ribs whioh are of about equal width for their entire length and slightly con- 
verge towards the mesial sinus. Thi9 radiating sculpture is crossed by delicate 
concentric ribs in the visceral and apical portions. Some of the longitudinal ribs 
are dichotomous. Two points of attachment of brokon-off spines may be observed 
in the vicinity of the mesial sinus. 

Exact measurements of this specimen can barely be given on account of its 
incomplete state of preservation. 

Locality and geological position ; number of specimen* examined, — Dark blue 
limestone with Fenestella, Barus, Kashmir; Coll. Lydekkcr; 1. 

Remarks.— It strongly resembles the delicately ribbed variety of Productm 
gratiosus, Waagen. Tliis is also the case with the Yorkshire specimens of P. 
longitpinus, as has already been remarked by Bothpletz (Palaentographica, Bd. 39, 
181*2, p. 76). This strong resemblance even induced L. de Koninck (Alonogr. 
des foss. carb. de Bleiberg, p. 25) to class a typical representative of P, gratiosut, 
P. semireticulatua, Beyrich, from Timor (AbhandL Koenigl. Akad. d. Wiss, Berlin, 
1865, Taf. II, fig. 2) among the synonyms of P. longitpinut. The differences, 
enumerated by Bothpletz, especially the more delicate ornamentation in the apical 
region and the less strongly developed wing in Sowerby's species appear however 
sufficient for a distinction of the two forms. 

e 2 
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Davidson (Quart. Journ. Geol. Soc., Vol. XX IT, p. 43) quotes Productut longi- 
tpinut (?) from the grey limestone of Khoonmoo. It is however impossible to say 
whether he really had a true P. longitpinut at hand, or rather a species of the 
suhgenus Margintfera. He asserts that his specimen from Kashmir is iden- 
tical with some specimens found in the Punjab. But the majority of the Punjab 
specimens considered as identical with Sowerby's species have been proved by 
Waagcn to belong to MargintfSra (especially to M. typica), although the true 
P. longisj)inu$ is certainly not altogether absent in the 8alt Range. 

Prodvctu* longi* pinut is a wide-spread species of a nonsiderable horizontal and 
vertical range. It occurs in strata of lower and upper carboniferous age in 
Western Europe, in tho Moscovian and Gsholian stage of Russia, in the upper car- 
boniferous rocks of Loping and Sumatra (?) and in the Productus limestono of 
tho Salt Range. Its occurrence in the coal-measures of North America is not vet 
beyond every doubt. The specimen considered as identical with P. longitpimw 
by Meek and with P. Orbignyauus by Gcinitz, is the only one which resembles 
some of Soworby's types so very closely that their identity is probable. The case 
is different with the specimen figured by Meek on PI. VI, fig. 7, of the final 
report on the Palaeontology of Nebraska, which differs from P. hngitpmua by 
having an almost smooth shell. P. lonqitpintu, Meek (Report of the geological ex- 
ploration of the 40th parallel, Vol. IV, PalsBont, p. 78, PL VIII, tig 4) from 
Nevada is more gibbous and provided with larger cost a? than the true P. longinpiuus 
from tho British and Belgian mountain-limestone. P. tplendeni, Norwood and 
Pratten (Journ. Acad, of nat. sciences of Philadelphia, 2nd ser., Vol. Ill, p. 11, 
PI. I, fig. 5), and P. irabathenw, Norw. and Pratt, (ibid. p. 13, PI. I, fig. 6) 
must according to Waagen be clashed among the subgenus Margiwfera although 
the latter species is considered to be directly identical with P. Uttgispinutby Mock, 
who insists that the figures given by the two above-men tionol authors are quite 
defective and misleading. Productu* acitulm, Meek and Wort hen (Geological 
Survey of Illinois, lfeG6, Vol II, Palteont., p. i80, PI. XX, fig. 5) and*P. parvus, 
ileek and Wortheu (ibidem, p. 297, PI. XXIII, fig. 4), which have been placed 
among the synonyms of P. Imgupmus by L. de Koninck (Fossiles carbonifores 
de Bleiberg, p. 25), ought to be maiutaiued a9 proper species, especially P. 
»ciUdii», which is distinguished by its very delicate ornamentation. A similar 
remark applies to P. capacii, d'Orbigny (Voyage dans I'Amcriquo Meridionale, 
T. Ill, 4 erne ptie., Paleontologie, PI. Ill, figs. 24—26) from Yarbichambi in 
South America. P. IvngUpuius, White (Report upon the U. 8. geograph. surv., 
West of the 100th Meridian, Vol. IV, Paleontology, 1877, Pt. II, p. 118, PI. VIII, 
tig. ft) from Santa F6 (New Mexico) is probably a representative of Waagen's sub- 
genus Margin\fera, judging at least from the figure given by Prof. White. 

Nor am I convinced of the identity of P. longitpinut with the species described 
by Toula from the Hornsund in 8pitzl orgen ; Toula's description, it is true, agrees 
very well with his identification of the two forms, but the figure does not 
•trengthen this view. In this figure the concentric ornamentation is represented 
as quite indistinct in the apical portion of the ventral valve, whereas it continues 
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all over its visceral part in the shape of broad stripes, thus differing considerably 
from the delicate reticulation which is so conspicuous in Davidson's type specimens. 

The specimen from the Nordf jotd of Spitzbergen described as P. longiapinua 
car. aetoaa by Toula (Permocarbon Fossilien von der Westkueste von 8pitzbergen, 
Neues Jahrb. f. Mineral 1875, p. 252, Taf. VIII, fig. 4) must, according to my 
humble opinion, be kept separate from the British species on account of its consi- 
derably less numerous and coarse ribs. Tin's the presence of P. longiapinua in 
the permo-carboniferous deposits of 8pitzbergen has not yet been established with 
certainty. 

Both L. de Koninck (Reoherches sur les fossiles paleozoiques de la Nouvello 
Galles du Sud, p. 191, PI. XI, fig. 3) and R. Etheridgo (Quart. Journ. Geol. Soc, 
1>72, Vol. XXVIII, p. 333, PI. 18, fig, 9) mention the oocurrenoe of P. longiapinua 
in carboniferous beds of Australia. I think however that L. de Eoninek's 
specimen from New South Waies can only bo identified with Sowerby's species, if 
such wide interpretation of the latter is permitted. The specimen from the Don 
River in Queensland is a rather indifferently preserved cast of a dorsal valve. Its 
identification with P. longiapinua has been questioned by Etheridge, jun, 
(Geology and Palaeontology of Queensland and New Guinea, p. 255). 

IV. 8kction: SPINOSI. 
5. Pboductcs CP. SCABRICULUS, Martin. PI. II, figs. 8, 9. 

1800. Anomiltt teatrieulut, .M art in, Petrificata Darbieoaia, p. 8, PI. XXXVI, 6g. 5. 
1SSS. Proiuctui leabricula, Phillip*, Geology of Yorkshire, Vol. II, PL VJU, fig. 3. 
1838. i". j«.»o.«)ia/«. PhilJ.pe, ibidem. PL VIII, fig. 8. 

IBM. P. .WjriWw, L. it Kuniook. .D«cripU<m de, aoimaux lomte* in terrain carbon, da Belgioae, p. 190, 
PL XI, fig. 3. 

1816. P. irabric*l%$, E. de Vernenil, Geologie it la Bnaaie d'Europe, Vol. II, Paleontologie, p. 871. 

PL XVI, fig. 6, PI. XVIII, fig. 5. 
1847. P- nairiealiu, L, 0. Koniuck, Monographic de. MBBJ Productu* et Chenetti, p. Ill, PI. XL 

tig. 6. 

1862. P. mbrirmlt; DaTidwn, Monogr. Briti.h Curb. Braehiopoda, p. 169, PI. XLII, fig*. 6-8. 
1866. P. .AjlnWiu, Uaridsoo. Quart. Journ. Geol. Soc, London. Vol. XXII, p. 43, PI. II, tig. 13. 
1878. P. wbriculu., L. de Koniuck, Monograph!, de. <om,I« earbon.fire. de W.ibarg, p. 27, Taf. I, 
fig. 16. 

1876. P. tcabricmim, Trmutachold, Die Kalkbrueehe »on Miataebkowa, p. 69, Taf. VI, Sg. 1. 

1»76. P. j i (. 9 ), L. de Koniuck, IUeherehen aur lea fu». pal&naiqnea da la Xoav.lle Qallea da Sua., 

p. 196. 

1889. P. fu,, T.ob.roY>che.r, Ham. Com. CMol. St. P(<tar»bonrg, Vol. Ill, No. 4, p. 371, Tat VI, 

fig. 13. 

This species is probably represented by two specimens. One of them is a ven- 
tral valve, whereas the second, smaUer one represents a dorsal valve. Neither of 
them is sufficiently well preserved to permit identification. 

The ventral valve (fig. 8) is medium sized, and in its dimensions and general 
shape agrees pretty well with Davidson's type-specimen of P. acabriculu* var, 
quincuncialia, Phill., from Yorkshire (PI. XLII, fig. 6). Much wider than long, 
tolerably inflated, provided with a hinge-line, which is inferior in length to the 
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greatest width of the shell, and with a broad, but not deeply excavated mesial sinus. 
The auricula ted expansions are small and pointed. 

Although this specimen is much crushed and Us surface weathered, its orna- 
mentation is still partially visible. It consists of numerous, radiating ribs, swelling 
out at short intervals into elongated, protraot'd tubercles, which exhibit an indis- 
tinctly quincuncial arrangement. Both the longitudinal ribs and the numerous 
tubercles covering them appear to be rather more delicate than in the majority 
of the British and Russian types of P. acabriculus, but in this respect agree well 
with the ornamentation exhibited by Davidson's specimens from Kashmir. 

Traces of concentric wrinkles are very indistinctly marked. 

The dorsal valve (fig. 9) is also much wider than long, slightly concave, 
provided with a short hinge-line and with a low median elevation, corresponding 
to the sinus in the opposite valve. Its surface is covered by numerous, elongated, 
radiating grooves, which, like the tubercles in the ventral valve, are arranged 
in a sort of irregular quincunx. This radial ornamentation is crossed by a concentric 
sculpture, which is most distinctly marked in the apical region and on the wings. 

The measurements of the larger specimen (fig. 8) are as follow : — 



Locality and geological position ; number of specimens examined. — Dark lime- 
stone with mica, Barus, Kashmir Valley ; Coll. Lydekker ; 2. The specimens referred 
to this species by Prof. Davidson were found at Barus and Kboonmoo. 

Remarkt — On the whole the determination of the present specimens as 
Troductu* scabricnlus cannot be far wrong and accords with the description of 
Prof. Davidson's specimen. P. scabHculiu is a widespread species, which ranges from 
lower carboniferous into permo-carboniferous strata, but seems to be most com- 
mon in beds of middle ard uppor carboniferous age. In Europe it has been 
found in the mountain-limestone of Great Britain and Belgium and in the lower 
carboniferous NoetscherSchichten of Bleiberg in Carinthia. In Russia it was found 
in the different stages of the carlraniferous system and in the Artinskian strata 
of the Ural. L. de Konirck mentions the species from the carboniferous beds of 
New South "Wales, but without giving any figure. Among the fossils collected by 
Drasche near the Nordfjord of 8pitzbergen and described by Toula, there is a 
specimen of ProduOtu* which has been identified as P. cf. scabrimdus (Perino- 
Carhon-Fossilicn von der Westkucste von Spitsbergen, Neues Jahrb. f. Mineral., 
1875, p. 252, Taf. VIII, fig. 6). This identification seems to me extremely doubt- 
ful, judging by the figure, which represents a Productu* distinguished by the 




The measurements of my second specimen (fig. 9) are as follow : — 
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presence of very coarse, irregular aud mostly dichotomous ribs, and by tbe rarity 
of tubercles. 

8ome American shells, as Prodtntua aaperua, M'Chesney (Description of new 
species of fossils from tbe palaeozoic rocks of tbe Western States, 1868, p. 3i, PI. I. 
fig. 7), P. JHlberanua, M'Chesney (ibidem, p. 30, PI. I, fig. >*), P. Roger tit, 
Norwood and Pratten (Journ. Acad, of Natural Sciences, Philadelphia, Vol. Ill, 
1854, p. 9, PI. I, fig. 3), P. aymmetricua, Meek (Final Report of the U. 8. Geol. 
Surv. of Nebraska, p. 167, PI. V, fig. 6), P. Nebraacenaia, Owen (ibid., p. 1«5, PI. II, 
fig. 2; PL IV, fig. 6; PI. V, fig. 11), have been classed among the synonyms of the 
British species by L. de Koninck and looked upon as local varieties only. Leaving 
the question undecided whether these forms should be regarded as distinct 
species, which I consider preferable, or merely as variations of P. acabriculua, 
still tbe fact remains that the typical P. acabriculua is certainly absent in the 
coal-measures of North-America. The specimen from Pecos Village described 
and figured by Marcou (Geology of N. America, Zurich, 1858, p. 47, PL V, fig. c) 
is certainly different from Martin's species. The same remark applies to P. acabrt- 
eulua, Abich (Geologiscbe Forschungen in den Kaukasischcn Liiadern, 1, Theil, 
Eine Bergkalk Fauna aus der Araxes-Enge bci Djoulfa, p. 33, Taf. V, fig. 3), 
which this author himself has excluded from the synonyms of the true P. acabri- 
culua in his additional remarks and which has been made the prototype of 
another species, P. Abichi, by "Waagen. 

6. Peoductus cp. spintji/mus, Sowerby. PL II, fig. 12. 

1814. Produetmi ipiiulotut, Sowerby, Mineral Condi, PI LX VIII, fig*. 6, 6. 
1836. P. jranuiota, Phillip*. Geology ol York»hh-«, PI. VII, fig. 14. 

1843. P. C»mrHni, L. de Koninck, (*>. d. Veroecjl), IWciipLot. dm uiiin.ni W do Urr.it. earbooifire 

de Belgique, PI. IX, fig. S. 
1843. P. papilUt*., h. de Koumek, ibidem. PL X. fig. 6, p. 201. 

1*47. P. yra-.W. L. de Koninck. Honognpbie de> genre. Produttu. et Ckontte,, p. 135, PI. XVI, 
fig. 7. 

1861. P. (•iulnm, !>.•.;:. •.. Moiwgr. Brit int. Oub. Bmehiopod^ p. 176, PL XXXIV, fig*. 18-21. 

1866. P. $pi»ul„»t, » D.vidion. Qn»rt. Joara Ueol. 8oo., London. Vol. XXII, PL II, fig. 15. 

1888. P. gramutem, Krotu*, Geologinche Ronchungen .in Wantlieben UrJ-AbhMige io dm Gebieben too 

T«herdyn and SttlikKnwk. Mm. Com. UcW. St. Pitenboorg. Vol VI, p. *»8. tat I, 6g»- 14, 16. 
im. P. «pin«/<ww. TMfc»rnjMhew, Mlm. Com. IMA 8t Pdtenboorg, Vol. III. No. 4, p. 881. 

Among the carboniferous fossils obtained by Captain Godwin-Austen at Barus 
there is a single ventral valve, bearing much resemblance to this species. It is 
however too imperfectly preserved to permit of a decided identification. 

The shell is small, transversely semicircular and regularly curved in both 
directions. Ilingc-line shorter than the greatest width of the shell. The beak is 
not very involute and scarcely overhangs the hinge-margin. Ears very small. 
There is no indication of a distinct sinus, only a flat depression in the middle part 
of the front 

The ornamentation is indifferently preserved and can only be made out in 
the vicinity of the lateral and frontal margins . It seems to consist exclusively 
of small but numerous, subregular tubercles, without any regular quincuncial 
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arrangement, as in the variety, to which the term "granulosus " was originally 
applied. 

Neither longitudinal ribs nor concentric striae can be made out, but the 
specimen is too much weathered to state this with any degree of certainty. 

In general shape and sculpture the specimen seems to agree better with P. 
spinulosus than with any other form of this genus. It also strongly resembles 
P. opuntia, Waagen (Salt Range Fossils, Pal. lml., Ser. XIII, Vol. I, Prod. Limes t. 
Foss., p. 707, PL LXXIX, figs. 1, 2) from the Cephalopoda (Jabi) beds of the 
upper division of the Productus Limestone, but I sbould not like to identify it 
with tbis species, which, according to Waagen's description, is always provided 
with a very 6trongly elevated median and apical part of the ventral valve. In 
this character, however, my specimen docs not agree with the Indian shell. Pro- 
ductus Wallacianus, Derby (Bull, of the Cornell University, Ithaca, 1874, Vol. I, 
No. 2, p. 57, PI. Ill, figs. 46—48, PL VI, fig. 5) from the coal-measures of Itaituba 
may also be compared with our specimen. Taking into consideration Derby's 
statement that P. Wallacianus chiefly differs from P. spinulosus by the absence of 
concentric wrinkles on the ears, this Brazilian species may perhaps bo very closely 
related to our Productus from Kashmir, but the figures given by Derby are too bad 
to allow of a closer comparison. 

The measurements of my specimen are as follow : — 

Length of the shell in a ttnight Hoe 12 6 turn. 

■> h ■ h along the currt 18 

Grcateet breadth of the shell 16 „ 

Length nf the binge-line . ......... 18 „ 

Thicknee* of the ventral v»lre • . . 5 „ 

Diitanee of the npei from the frontal margiu ....... 13 „ 

The proportion between the last dimension and the entire length of the shell 
most clearly shows the difference between this specimen and Waagen's P. opuntia, 
in which the apical region is always highly elevated above the proper beak. The 
measurements of my specimen agree almost exactly with those of Sowerby's 
type-specimen of P. spinulosus, as figured in Davidson's monograph (PL XXXIV, 
fig IS). 

Locality and geological position ; number of specimens examined. — Coarse 
grey, semi-crystalline limestone, Barus, Kashmir Valley ; Coll. Godwin-Austen ; 1. 
Two specimens referred with some doubt to P. spinulosus by Davidson were 
obtained from Khoonmoo. 

Remarks. — Productus spinulosus has been quoted from the mountain lime- 
stone of Great Britain and Belgium by Davidson and L. de Koninck, from the upper- 
carboniferous rocks of the Ural Mountains by Krotow and from the Artinskian 
stage by Tschernyschew. The specimens considered as identical with P. spinulo^ 
«m« by Abich (Geologische Forschungen in den Kaukasischen Laendern, I. Theil, 
Eine Bergkalk Fauna aus der Araxes-Enge bei Djulfa, p. 51, Taf. V, fig. 9, 
Taf IX, fig. 22) have been referred to P. horridus by Val. von Moeller. 
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V. Section : FIMBRIATE 
7. Produottjb Abichi, Waagen. PL I, fig. 8. 

1883. Product- BnmMiti, Ljd.kkrr, Goologj of tb. K«bmir aod Cbiroh» territory M.moim Gecl 8u« 

of Indk, Vol XXII. PL II. If. 3. 

1884. P.Ahicki, W»e«.. felt Rug. rot.il.. P.Ucont Iodic, 8.r. XIII, VoL I, Prod Lim«.t. Pom 

p. 697, PL LXXtV, fig*. 1—17. 
For a eompleU lid of •jnooyo. I ivfsr tbt nadtr to my memoir on Dm p«rioo>csrbo»iferoti. faun* nf Chiti- 
ebon No. I, (Pi. Ill of tba »oL). , 

Of this beautifully sculptured Productus m excellently preserved ventral valve 
lias been figured by Lydekker and considered identical with P. Humboldti, 
d'Orbigny. But its coarse sculpture and its less numerous, elongated tubercles 
which are mostly arranged in a rather regular quincunx, distinguish the present 
specimen from the true P. Humboldt i. In general shape this specimen bears 
much resemblance to my type specimen of Prod. Abichi from the pcrmo-carboni- 
ferous limestone of Chitichun No. I. (Pt. Ill of this volume, PL III, fig. 8), 
especially as regards the attenuated character of its apical region. It is Lowever 
less inflated and provided with a very shallow median sinus only. In this respect 
it agrees best with the example figured by Waagen on PI. LXXIX, fig. 4,, of his 
monograph. The hinge-linc is considerably shorter than the greatest breadth of the 
shell. 

The ornamentation is exactly the same as in Waagen's type-specimen 
from the upper Productus limestone. The coarse, elongated, quincuncially 
arranged tubercles are crossed by concentric, delicate lines of growth. A narrow 
zone of roundish pustules is restricted to the immediate vicinity of the lateral 
and front margins only. 

The measurements of this specimen are as follow :— 



L*ngthof tbo .hell ii a .tr»igkt lio. 23 3 mm. 

,. » h i, »>oon th« cmrrt S3 „ 

Grrateat breadth of tbe ibell 28-5 „ 

Thwltiw- of the tentrai valfe 8 ,. 



The small size of this specimen makes its distinction from the olosely allied 
P. gangeticus, Diener (Pt. IV of this volume, PI. I, figs. 1—3, PL II, fig. 3), 
one of the leading species of the permian Productus shales of Painkhanda, an 
easy matter. 

Locality and geological position ; number of specimen* examined. — Black lime- 
stone, summit of ridge N.E. of Prongam Tral, Kashmir; Coll. Lydekker; 1. 

Remarks.— Productus Abichi is one of the most characteristic fossils of permo- 
carboniferous and permian rocks in Armenia, India and Timor. It has as yet 
never been found in beds of an older than permo-carboniferous age. At the local- 
ity, where it has been obtained by Lydekker, it is associated with Margintfera 
himalayensit, Diener, Strophomena analoga, PhilL, and Chonetes grandicotta, 
Waagen. 

The specimen from Khoonmoo, which has been referred to P. Humboldti 
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by Davidson (Quart. Journ. Geo!. Soc., Vol. XXII, 18C6, p. 43, PL II, fig. 14), does 
not permit an exact determination, on account of its fragmentary condition. But 
it seems at all events to be specifically different from P. Abichi. 

8. Froducttjs PU8TUi.0fl08, Phillips. PL I, fig. IS. 

1886. Prodietn, p«,l*losa, Phillip*. .Geology of Vorkahin-, Vol. II. p. 818, PI- TO Eg. 15. 
1880. P. onttu, Pt.illipa, ibidem, p. 216, PL Till. fig. 14. 

1843. P. frunetatmt, I. dr Koninck (non Maitin), Deecription dra animaox foae. do terrain carbon, it 

Ei-lgiqnc p. 1»6, PI. IX. fig. «, PL XII. tit fig. S. 
1847. P. puttulotm, L. it Ron folk. Monographic Am grnrra Prointint tt Ckonetti, p. 118, PI. XII, fig. 4, 

PL XIII, fig. 1. PL XVI, Sgj. 8—9. 

1862. P. pv,t«lo n ., D,Tid»c B . Uaocgi. Britiah Carb. Bi«liiopod«. P- 1 68 ' P1 - ^U. «ga. 1-6. PL XLII, 

fi K *. 1-4. 

1863. P. P «.,tuh,u,, Itoemer, ZeiUehr. d. Dentech. Geol. Gm. p. 59), T»f. XVI, fig. 8. 
1870. P, puttvloinM, Koemer, Gccl. gie von Oberachleaien, p. 90, T»f. VIII, fig. 1. 

1873. P.piittxloiiu, L. de Ktminek, Monographic deafoaailes carbon ifi-re* it Hleiberg en Cerinthie, p. 29- 
Th* reference to PI. I, fig. 21 U ertooeoua, no figure of thie i.,,<*nee being actually gireti in 
L. de Konindt'i memoir. 

1883. P. pMlulamu rar. palliata, Kinrner, Oberenxboouwhe Fauna Ton Loping, Biebthofen'a "China," 

Vol. IV, p. 186, T»f .XXVII. figa. 9-13. 
18S8. P.ef. fMfMlMM (?). Krolow, G«.V>cbe Foraehungen am Weetlichen Ural-Abhai ge. ete., M*m. 

Com. GeoL St. P*t*iabonrg, Vol. VI, p. 406. 

1895. P. puttulotut, Tornqnint, Das fouilfiihrrndo Pnteroarbon am ortliohon RoaaberffMaaeir in do 

Siidvdgaaen, Abhandl. G.ol. r>«. Kaxte ron EUaat-Lotbringen, Bd. V, Iloft 4, p. 72, Taf. 
XIV, fig. 3. 

1896. P. puttulo,*,, J u |»n, Le terrain cartonif Jre n arin de la France Centrale, p. 67, PL VII, figa. 1—8^ 

PL IX, fig. 1 , PI. X, fig. 2, PL XII, 6g. 7, PL XIII. fi«. 8, 4. 

A very well preserved cast of a dorsal valve exhibits the characteristic shape 
and sculpture of this Productug, which, in its typical forms at least, may be easily 
distinguished from congeneric species by its peculiar ornamentation. 

The shell is rotundate-square, nearly as long as wide, very flatly concave in 
the apical and visceral portions, but is distinctly genioulated, whero the trail com- 
mences, exactly as in the Chinese variety, described as "palliata " by Eayser. 
It is divided by a broad but rather shallow median elevation which originates at 
some distance from the apex. The hinge line is a little shorter than the greatest 
width of the shell. The ears are broad and perfectly flat. 

The surface of the cast is covered with numerous, tolerably regular, concentric 
wrinkles, crossing the radial ornamentation, which consists of coarse elongated 
pustules, distinctly arranged in quincunx. The immediate vicinity of the very apex 
is covered with closely packed granulations At a distance of 2 mm. from the apex 
the concentric wrinkles make their first appearance and gradually increase in 
strength towards the shell-margin. 

The specimen does not seem to me distinguishable from the ear. palliata of 
P. pu»lulo8u», as it has been described by Kayser. It can scarcely be mistaken 
for a species of the group of P. Evmboldti, d'Orb., on account of its much 
coarser ornamentation. From P. punctatus, Martin, it distinctly differs by the 
character and distribution of its tubercles. It is distinguished from P. Buchutnu$ t 
de Kod., by its much larger size, from Prod. Lew:htenber<jenm, de Kon„ by the 
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concave shape of tlie dorsal valve, from P. fimbriate*, Sow., by the larger number 
of its concentric wrinkles. 

Measurements of the specimen : — 

Lentfb of th. dotal wlrt 84 mm. 

Breadth. 37 „ 

Depth „ , 7 6. 

Length 01 tb« hiot;e line 30 „ 



Locality and geological position ; number of specimen* examined. — Coarse 
grained, dark limestone, witb a reddish weathered Hurface, containing remains of 
Penettellas ; Barus, Kashmir Valley ; Coll. Godwin- Austen ; I. 

Bemarkt. — Pruduclus putltdotm is known from bedj of lower carboniferous 
age in England, Ireland, Belgium, Central France, Alsatia, Silesia, Cariutbia and 
Central Russia (?). A variety of this species has been described from Loping by 
Kayscr. It differs from the typical form by the presence of a broad, distinctly 
marked off, geniculate trail. It is this upper carboniferous variety with which the 
type specimen from Kashmir ought to be identified. 

Tbe specimen from New Mexico considered as identical with P. puslulosui by 
Marcou (Geology of N. America, p. 18, PL VII, flg. 1), is distinguished from this 
species by the presence of a finely tuberculated zone in the vicinity of the anterior 
and lateral shell-margins. 

P. p*stulo$u$ var. minutui, Abich (1. c. p. 37. Taf. V, fig. 10) from the per- 
mian rocks of Djulfa has been referred to Strophalosiv horrewen* by Vol. von 
Moeller. 

9. Prodtjctus punctatcs, Martin. PI. II, fig. 11. 

18U0. Awrnitf puuftatu, Mnrtm, PetrifioU l)«rbie>m», p. 8, EL XXXVII. fi e . (5 (fi CT . 7, 8 eielu.ii). 
1811. Trigone rm Ja .a, Parkineun. Org.™ tbotia. etc. Vol III. p. 177, P). XII, 6g. 11. 
1822. Am,m,t*. CWtfo* Sehloth.im, N.chtr*^ »' Ver.Un.cr.intf.ku.Kle. Vol. I, p. US. PI. XIV, fig. 1. 
1888. fMMfef p-nelaius. Sow.rbv. Mm Conor,., V,4. IV, p. 22, PI. 828. 
183*. Pndvcta punctata, Phillips, deol<,gv of Yorkshire, Vol. II, \>. 2)6 ; PI. VIII. 6g. to 
1887. Ltptima tulcata, Fischer von WaUlhoiui, Oreetographie tin (loareriitmoiit de Hueoow, p. 143, PI. 23, 
fig. 2 (»«■ Sowetby). 

1841. Productun pvnctattu, L. T. Bach, Abhandign. koroigl. ik*J*mw d. Wiss. Berlin I. Tb. p. 34. Taf. II> 
Sign. 10, 11. 

1845. P.punelatut. L. de Kaoinok, IW«ripUoii deaaaiiiuui foM. du terrain earboo. de Belgioue, p. 1«8. 

PI. VIII. fig. 4; PI. X. fig. %. 

1846. P. P *metat*., B. da Verneo.il, OAriogie de U Rossi* d'Europ-, VoL II. I-aleontologi., p. 276, PI. 

XVI, fig. 11. 

1847. P. punctatut, L. do Knninek, Mo.»ogrepbie dee georee ProJvtu, et C*o»r<«. p. 12i, Pi. XII, 

6g i. 

1854. P. p.viatm., Shtimard in R. Manijrs Kjploration of the Bed Hirer of Louuiaoa. p. 188, PI. I, fig. 
6; PI. II, fig. 1. 

1868. /'. p.nHat.. (r>). Maroon, GeoWy of North Aioeriot, p. 48, PI. VI, fig. S. 

I860. P. tululaipini, M'Chesney. Description of new .peeios of f«».il» from tbe paLoowio rook, of tha 

Western States, p. 37. Illustrations of the same : ]8««. PI. I, figs. 10. 11. 
1802. P. pxmeUitut, Dirideon, Monogr. I ritish caibonifenius Bracbiopoda, p. 172, FU XLIV, tigs. 9-10. 
IS; J. P.punctttut, lioem.r, (xeologie ran Ober*chlui«a, p. SO, PL VII, fig. 2. 
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1872- P. pvnctatut, M Finn! Rti«rt of tbe U. S. Go. logical Sorr. of Nebruke, p. 169, PL II. fig. 6 
PL IV, fig. 8. 

1873. P.putctatu,, L de Koninck, Monognphie in fouilei enrboniftrw de Bleiberg, P- *>, PL I, fig. 19. 
1873. P.p*»rtat;, Meek end Worthen. Otologic*] Burr, of Illinois VoL V. p. 609, PL 86, fig. 18. 
\67S. P.p»ncM**Q), Took. Ein* Kohl, nka k-K.ima von den Buenti Inieln. 8itigbsr. Keii. Ak.d d. 
Wiu. Win. m»th. mt. CI. Bd. LXXI, I. AbtU. p. 26. 

1876. P. punttatut (?), L. de Koninck, Reeherchee tax lei tan. p»k5oioique> d« Is NoutoIIo Qtllee do 

Cad, p. 103, PI. X. fig. 2. 

1877. P.punetatus, White, lteport npon the U. & Geogr. Surroji W. of tU on* hundredth MeridUn. 

Vol. IV, Paleontology, p. 114. PI. VII, fig. 2. 

1888. P. p»nrtat«: Kroto», Mem. Com. Geol. Si. Pdtereboorg, VoL VI, p. 4"6. 

1889. P.ptneiatm; Teel ernveuhew, Mem. Com. Otol St. Peleraboarg, Vol-JII, No. 4, p. 373. 

1890. P. punctata, Nikitin. ibid. Vol. V. No. 8. p. 88. 

1892. P. puneiatu,, 8chell«ieo, Die Ftune de. Kan>i*h«n Faialinenk.lk.. Pnhwratogrmphict, Bd. 39, p. 
25. Tsf. V, 6g. L 

1896. P. punctata*, Jolien, Le terrain carbonifere marin de U Prince Cenlrale, p. C9, PI. VII, fig. 9 ; PI. 
XI, figi. 3, 4; PI. XII, fig. 8 ; PL XIV, fige. 4. 6. 

This beautiful and easily recognised species which in "Western Europe is most 
frequently associated with Productus pvstulosus is represented in the Geological 
Survey's Himalayan collection from Kashmir by two ventral valves, which, although 
partly injured by weathering, are sufficiently well preserved to warrant a certain 
identification. 

My specimens are somewhat broader than long, moderately arched and provided 
with a distinct medial sinus, originating a short distance from the very apex 
and extending to the front. The hinge-line is shorter than the greatest width of the 
shell. The auriculato expansions are barely defined from the swell of the umbo. 

The most characteristic feature of this species is its peculiar sculpture. I am 
entirely unable to detect any differences in the ornamentation of my specimens and 
Davidson's or L. de Koninck's type-specimens My two specimens clearly exhibit 
the numerous concentric and regular bands, separated from each other by smoother 
interstices and thickly set with very numerous and delicato spines. The concentric 
ridges increase in size from the apex towards the front, but in my second speci- 
men, which attains 38 mm. in length, they become again smaller in the vicinity of 
the margins. 

The measurements of the figured specimen, which can only be given approxi- 
mately, are as follow :— 



I vahro In a airtight line ...... 27 mm. 

•long the corre . • . . . 87 „ 

»»l»e 80 ,. 

, 6 5., 

Length of the hinge-line 27 » 

Locality and geological position ; number of specimen* examined.— Dark blue 
shale with limestone partings, containing numerous Fenestelloe and indeterminable 
casts of Strophalorice, fiarus, Kashmir Valley ; 2. 

llemarkt. — Productus punctatut is a very characteristic species, which ranges 
through the entire carboniferous system into permo-carboniferous strata. In Europe 
it has been described from the mountain-limestone of Great Britain, Belgium, 
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Central France and Silesia, from the Noctscber Schichten of Bleiberg in Carinthia 
<>f lower carboniferous age, from tbe upper carboniferous Fuiulma limestone of the 
Krone (Carman Alps), from the Moscovian, Qsholian and Artinskian stage of 
Russia. In North America it likewise ranges through all the strata of the carbo- 
niferous period, from the sub-carboniferous beds of Iowa, Illinois and Missouri into 
the upper carboniferous coal measures of Nebraska 

A dorsal valvo figured by L. de Eoninck from the carboniferous rocks of New 
South Wales has been attributed to P. puncUitu* by this learned author. But 
judging from the figure the specimen is too incomplete to allow a safe identifica- 
tion. 



VI. Section: CAPE RATI. 
10. Productus accleatus, Martin. PI. I, figs. 6, 7. 

1809. Anomitnaeultaltu, Martin, PctrificaU D»rt. P 8, PI. XXXVII, turn. », ID. 
1814. PrvJuftm acultatut, BoweibY. Miner. Conch. Vol. I, p. 156, PI. LXVIII, fig. 4. 
1*36. FroJurta tarupina, Phillips Urology of Yorkshire. PI. VIII, fig. 13. 
1836. P. tpiuulota, Phillip* (mom So»erby), ibidem. Vol. II, PL VII. fig. 14. 

1843. P. gryphoidet, L dc Knninck (ei parU) l>o*cripti?o dec animau torn, da terrain carbonif. de Belgique, 

p. 182. PI. IX. fig. 1, PI. XII. fig. li. 
1847. P- arultal »j, L. de Kaninek | Monographic dn genre* Product*! el ChtnttU, p. 144, PI. XVI, fig. 6. 
1801. P. oeultatui, D»nd«an, Monxgr. Briti.h C»rb. Brachiopeda, p. 16«. PI. XXXIII. figs. 10-20. 
1S67. P. aenlealm, VerehAr«, K»hmir, the WonLorn Himalaya and the Afghan Mts. Journ. Asiatic So*, of 

Bengal, v ° l - XXXV, Pt. 2, pp. 808, 213. 
1873. P. atuleatut, L. d* Koninck, Monographic dec fouilc* enrbooifere* de Bleiberg en Carinthie, p. 3S, 

PI. I. fig. 80. 

1R75. P. arultalMM, Tenia, Eine Koblrnkalk Fauna ton dm Bar*nt«.In«ln, Bit.ong.ber. K*i». Akad. 

d. Wica, Wien, ruaih. oat CI. Bd. LXXl. 1 AUh. p. 26. Taf. II, fig. 10. 
1883. P. ««W«*, Ki.Tacr, Oberearbon«cbe Fauna von Loping, Kjehthofea'e China, Bd. IV, p. 186, T.C 

XXVI, fig*. 1-6. 

1888. P. acuirattu. Krotow, Hem. Com. Qrol. St. PeUreboarg, Vol. VI, p. 400, Tel. I. fig*. 16, 17. 
IStfli. aruieetuM. Bcbellttien, Die Pinna dec KaruUehen Fu.nlinenkaiki, Paleootograpbica, Bd. 39, 
p. 26, Taf. Ill, figc. 10. 11. 

Among the few fossils of undoubtedly antbracolithic age which have been 
collected in the Kashmir valley by Dr. Verchcre, a small species of Productui is most 
numerously represented, which agrees very well with P. aculeatut, Martin. 

All my specimens are of moderate dimensions, nearly as broad as long, or of 
slightly elongated outline. The greatest width of the shell is nearly always situated 
nearer to the front margin than to the beak, thus imparting to my forms a 
somewhat trapezoid shape. The ventral valve is very strongly convex and provided 
with high, steeply curved, lateral parte. The hinge-line is considerably shorter than 
the greatest width of the shell and is overlaid by the attenuated, strongly involute 
apex. The ears are very small and not distinctly defined. No trace of a median 
sinus is doveloped in any of my specimens. 

In the majority of my forms the sculpture consists of irregularly scattered 
tubercles, which in the anterior portion of the valvo aro occasionally transformed 
into longitudinal ribs. These radiating ribs are however never as numerous and 
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regular as in the Chinese variety described by Kayser, or in the specimen figured 
by Davidson on PL XXIII, tig. 19, of his monograph of the British carboniferous 
Brachiopoda. 

Besides this peculiar sculpture a much more delicate concentric ornamentation 
is exhibited in the less weathered specimens. 

No dorsal valve of this species is known to me. The measurements of one of 
my type specimens (fig. 7) are as follow :— 

Length of the »enti»l »alv« in a attaint lino " mm " 

., ., „ n .. along thtCTrw *> <• 

Br«,lth 13 " 

Thickocan ., n > * " 

LcogUioftbehinga-lin 7 - 

Locality and geological position ; number of specimen* examined.— Coarse, dark 
grey limestone, Kashmir ; Colh Verchdre ; 8. 

llemarks.—Troductus acultatua is a very variable species, under which many 
shapes differing considerably from Martin's type specimen have been united by 
various authors. My forms seem to hold an intermediate position between 
Martin's type, which almost entirely agrees with Toula's specimen from Hoefer 
Island, and tho Chinese variety described by Kayser. The Carinthian variety 
figured by Schellwien is characterised by yet stronger ribs in the frontal portion 
of the ventral valvo. The specimen from New South W ales, considered as iden- 
tical with P. aculeatm by L. do Koninck (Recherches sur les foss. paleozoiques 
de la Nouvelle Galles du Sud. p. 204, PL XI, fig. 6 ) seems to differ considerably 
from Martin's species by its uncommonly broad and strongly developed concentric 
laminae. 

Froductus aculeatus is a characteristic species of the carboniferous period, being 
known from the mountain limestone of Belgium, Great Britain and Bleiberg in 
Carinthia, and from the upper carboniferous beds of the Carnian Alps, of Russia, 
Hoefer Island and China. 



VII. Section: IRREGULABES. 
11. Pbodcctcs mongolicvs, Diener. PI, VI, figs. 7, 8. 

1883. Pradttetut tf. Con, Knjwr, Obcrcarbom sohe Fitona von Loping, liichtbofenV China, Bd. IV, p. 184, 
Taf. J.XVll.ng.6. 

1898. P. mongolicu*. Dien. r, Himalayan Fw.il*, Paliront. lndita, Me XV. Vol. 1, Pi. S. TV pennocaf- 
booif.rou. fauna of Chitiehuo No. 1. PL IV, fi^a. 8-10. 

Two specimens from the anthracolithic rocks of Kashmir are referable to this 
characteristic and easily recognised species. One of them is a tolerably well pre- 
served ventral valve, which, although somewhat deformed by crushing, exhibits all 
the leading foatures peculiar to the present species. It is of an elongatcly triangular 
shape, provided with an acuminated, involute apex, and, as far as I am ablo to 
judge, with very small, strongly depressed wings. Tho ornamentation is of exactly 
tb« same pattern as in my type specimens from the per mo-carboniferous lime- 
stone-crag of Chitiohun No. 1. 
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I think this specimen may be safely identified with P. mongolictu, not with 
the closely allied P. comprestus, Waagen (Salt Range Fossils, Pal. Ind., ser. XIII, 
Vol. I, Prod. Limoat. Foss., p. 710, PI. LXXXI, figs. 1, 2) on account of its more 
strongly developed, concentric sculpture, which equally affects the median and 
lateral portions of the valve and on account of its lateral margins not being concealed 
below the strongly compressed lateral parts of the shell, as is the ease with the Salt 
Ranirc species, according to Waagen's description. 

The measurements arc approximately as follow:— 

Length of tlit- shell in a straight line . S6 mm. 

„ „ „ „ along the eurre ........ 41 a 

Breadth «{ the «hell • ecu. 28 „ 

Tbickne** of tb« ventral th1t« 8 „ 

My second specimen is the cast of a large ventral valve, with a few fragments 
of the dorsal valve adhering to it. The distance between the two valves must have 
been very small, especially in the apical region. This specimen only differs from 
the previously described one by its larger size and greater flatness. I think there 
can bo little doubt as to its identity with the prosont species. 

Locality and geological position ; ntmber of specimens examined.— Dirk, mica- 
ceous shales with limestone partings, containing numerous remains of Bryotoa, 
Rarus, Kashmir valley ; Coll. Godwin-Austen ; 2. 

Remark*. — Productus mongolicus has been described from tlie upper carboni- 
ferous beds of Loping in China by Kayser, and from the permo-carboniferous limestone 
Of Chitichun No. 1 in Tibet by myself. 

Subgenus : MARGINIFERA, Waagen. 

1884. Norgi.iftre, Weapon. s.V. Km*. Foeeile, Pa Wotogia India, *r. XIII. Vol. I. Prod. Limort. Few, 

p. 713. 

For a discussion of the subgeneric value of this group of Prodvcti, vide my 
monograph of the Chitiohun fossils (Pt. 3 of this volume, pp. 30 to 32). 

1. Maboim h ra himalaybnsis, nov. sp. PL II, figs. 1-7 ; PI. VI, figs. 1, 2. 

1863. I'. tn>intie»Utu*, Btoliezka, Geob-girsl eccticne MroM the H imala.Ten Mountain! from 
Wangtu bridge on the River SuUej to Songdo on tin Indue, Mem. <Hol.8o.rr. of Indie. Vol. V. Pt. 
l.p.29. 

1884. P. lonfupimu, Stolkika, ibidem, p. 29. 

1883. P. nmirtfirmUlt, Ljdekker. The Geology of the Kashmir nd Chun be Territories, Hem. Ocol. 

8 0 rr, y of Indie, Vol. XXII. PI II, fig. 3. 
1805. Xarfinifer* ef. I } pie*, Wener, r.rgebnieee einer Oeologieoben Expedition in den Central Himalaya 

Ton Jonir, Dundee nod Painkhaoda, benk^hr. Kei«. Akad. d. Wise. math, nv . CI. lid. I. XI I, 

p.6»6. 

1898. if. HmaUfrnti: Dieoer. The permowb. fauna of Cbitiebon No. 1. Pal. Ind. eer. XV, Himalayan 
IW, VuL I, Pt. 3, p. 35. 

This is the most common species of Stoliczka'8 «' Kuling Shales " in Spiti and is 
met with in corresponding beds in Kashmir. The majority of specimens contained 
in the Geological Survey's Himalayan collection have been mistaken for Productus 
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ho»; reticular us by Stoliczka and Lydekker. With this species the present form has 
however scarcely anything in common but an external similarity in the sculpture 
of the dorsal valve. Its internal characters, on the contrary, prove it to be a typi- 
cal representative of "Waagen's subgenus Marginifera and to be most closely allied 
to if. iypieo, from which indeed it is distinguished by very subordinate characters 
only. 

The present species varies considerably in its general shape and outlines. It 
is, as a rule, transversely oval or even transversely rectangular, but specimens of a 
subquadrate outline are also occasionally met with, and a few exceptional forms 
even exhibit an elongately oval shape. 

The ventral valve is always very strongly inflated. Its visceral part is distinctly 
prominent above the hinge-line. It is either regularly curved in the longitudi- 
nal direotion throughout its entire length from the apex to the front margin, or its 
apical region appears to be more or less flattened. In some specimens even 
a blunt geniculation sets in where the visceral and anterior portions of the 
valve unite. Olose to the apex, almost at its point, a mesial sinus takes its 
origin and extends down to the front line. It is of variable width and depth, but 
is always distinctly developed. In some of my specimons it is extraordinarily deep 
and narrow, exactly of the same character as in the type specimen of JProduclua 
gratiosut, figured on PI. Ill, fig. 7, of my monograph on the Chitichun brachiopoda 
(Pt. 3 of this volume). As a rule the mesial sinus is most deeply impressed in the 
visceral portion of the valve, but becomes more shallow towards the front. 
The beak is not much bent over, pointed, but not passing far within the hinge- 
line. The latter is straight and marks the greatest breadth of the shell. The 
wings are rather large and prominent, pointed at their extremities, somen hat 
triangular and strongly arched. They are defined by a sinuosity or furrow from 
each lateral margin. The lateral portions of the vtntral valve are bent down in a 
very steep curve towards the wings. The lateral margins are rounded anteriorly 
from the sinuosity or furrow in advance of each wing, to the front, which is 
distinctly, though, as a rule, but slightly sinuous in the middle. 

If the shell has been entirely preserved, the ornamentation consists of very 
numerous longitudinal striie or costse. The majority of the ribs remain quite 
regular for their entire length. Occasionally, however, two or three are united 
into a coarser one. The stria.- or costae are parallel and do not exhibit any tend- 
ency to converge towards the centre line of the mesial sinus, as it is the case in the 
typical form of Marginifera typico. In the apical region the delicate, radial 
plication is crossed by an equally delicate concentric sculpture, imparting to this 
portion of the shell an indistinctly reticulate appearance. The concentric striuj 
are always less numerous and separated by larger intervals than the radiating ones. 
Traces of spiues are almost entirely absent. 

Generally on somewhat worn-out examples the concentric striae are so nearly 
obsolete that the radial plication only is exhibited. Specimens of this kind 
strongly remind of the figure of Productut loiigitpinut car. $elo*m, given by Erotow 
in his memoir on the geological structure of the districts of Tscherdyn and 




BRACHIOPODA. 



41 



Ssolikamsk CM 'm. Com. Geol. de la Russie, Vol. VI, St. Pdtersbourg, 1888, Taf. I, 
figs. 12, 13). In specimens which are still more weathered the surface, at a first 
glanoe, presents the appearance of being entirely smooth. But even these speci- 
mens, like the one figured by Lydekker, almost always show the remains of either 
the concentric or radiating stria; on the more protected parts. 

A small number of specimens which have been collected in the Killing shales 
near Muth in 8,: it i by Dr. Ferdinand Stoliczka are distinguished by a slightly 
stronger ornamentation of their ventral valves than the rest of my forms. In 
these specimens (PI. VI, figs. 1, 2), which clearly show the peculiar internal charac- 
ter* of the subgenus Margiatfera, both the concentric and radiating plications are 
rather strongly developed. In the specimen, figured on PI. VI, fig. 1, moreover, the 
radiating costse standing next to the mesial sinus show a alight tendency to converge 
towards the latter. Regarding the small importance of these characters of 
difference, I do not think that these specimens ought to be considered as more than 
variations of the present species. 

The dorsal valve is deeply concave and follows very closely the curve of the 
opposite one, thus leaving but very little room for the animal within. The visceral 
and anterior portions are very often separated by a strong geniculation. A broad, 
strongly elevated mesial ridge, corresponding to the sinus in the ventral valve, 
extends from the beak towards the front. The wings are flattened, but not distinctly 
marked off from the remainder of the valve. The sculpture is much more prominent 
than in the ventral valve. Both the apical and visceral portions are strongly reti- 
culated, imparting to the casts of this valve an external similarity to small 
forms of Productut $emirelioulatu$. In the trail this reticulated ornamentation 
is replaced by a delicate radial plication. The sculpture of the wings is more 
delicate than in the remainder of this valve. Traces of spines have but seldom 
been noticed. 

Tbo shelly substance of both valves is rather thin. 

The measurements of one of my largest and most complete specimens (PI. II, 
fig. 1) are as follow :— 



Length of the *bell in • *r»ight lint 22 5 mm. 

■ h >• •• atonfctheoniTi 40 „ 

„ „ doml rain lfl u 

Entire brakdth of tbo (hell 43 „ 

TmcknrM of the Tentr»l t»W« 14 

DuUaoe of the two nUet from each other 7 „ 

Biwdthof the ih.il witbont U>. wrap 30 „ 



The characteristic feature of the subgenus Marginifera, viz., the prominent 
shelly ridge within the wings of the ventral valve, is clearly seen in Lydekker's 
type specimen of this species from Kashmir (PI. II, fig. 6). The wing having been 
broken off on one side of this specimen, the peculiar crenulated ridge, as described 
and figured by Waagen, is exhibited. This internal ridge has also been noticed in 
several forms from the Ruling shales of Spiti collected by Dr. Stoliczka. In a 
large number of my specimens, moreover, the trail of the ventral valve is marked 
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off from the remainder of the shell by a distinct band or furrow, which corresponds 
to the internal ridges along the margins of the dorsal valve. 

Of other internal characters of this speeies nothing is known to me. 
Locality and geological poaitton ; number of tpeciment examined. — The 
Kuling shales of Spiti are very rich in specimens belonging to this species. 
Among the Geological Survey's Himalayan collection from Spiti the following 
localities arc represented : — Killing, Coll. Stoliczka, 35; Coll. Grieshach, 14; Khar, 
Coll. Stoliczka, 4. ; Coll. Griesbaeh, 18 ; Muth, Coll. Stoliczka, 8 ; lilang, Coll. 
Stoliczka, 8- Six specimens have been collected by Dr. Gerard, but the exact 
locality from which they have been obtained is not known. 

In Kashmir our species has been collected by Lydekker in shales with lime- 
stone partings of the same lithologioal character as the Kuling shales of Spiti. The 
specimens, 16 in number, were found on the western summit of a ridge N.E. of 
Prongam Tral, associated with P. Abichi, Waag., Strophomena analoga, Phil., and 
Chonetts grandicosta, Waagen. 

It hi not improbable that Or. Verchere (L c. p. 213) had this species in view 
when describing his specimens of TrodwUu longispinut from Kashmir as differing 
from Davidson's types by " their well-defined, enrolled and horn-like ears." 

Remarks. — The present species is very closely allied to Marginifera typica, 
Waagen (Salt Range Fossils, Pal. Ind., ser. XIII., Vol. I, Prod. Limest. Foss., p. 
717, PI. LXXVI, figs. 4-7, PI. LXXVIII, fig. 1), and it was only after much 
consideration that I did not feel justified in identifying them altogether. If one 
bad to deal with ventral valves only, it should, in some cases at least, be difficult to 
distinguish between them. This remark chiefly applies to the variety from Mutfa* 
whioh, by its coarser sculpture, approaches very closely the typical form of the 
Salt- Range species. The almost entire absence of spines, however, is a remarkable 
feature in all my specimens of M. himalayensia. 

The most striking proof of the distinctness of the two species rests on the 
character of the dorsal valve whioh is much more strongly reticulated and provided 
with a very prominent median fold in M. himalayensis. Nor are the two 
remarkable rows of grooves present in the latter speoics, which in II. tj/pica extend 
inside along the ridges, separating the wings from the remainder of the shell. 

A closer comparison of the present species with other forms of the subgenus 
Margin{fera seems hardly necessary, as the distinguishing characters are almost the 
same as have been indicated by Waagen as separating J/, typica from the rest of 
congeneric species. 



The genus Strophalo&ia is not at all rare in the anthraoolithio system of the 
Western Himalayas, hut nearly all the specimens which I have examined are 
too fragmentary for specific determination. 

The only Himalayan representative of this genus, the characters of which are 
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tolerably well known, is Strophaloaia Gerardi, Kin* (A monograph of the permian 
fossils of England, London, 1850, p. OG, PI. XIX. figs 6, 7). The forms on 
which this species has been founded hy Prof. King wore picked up by Dr. Gerard 
on the crest of a pass, leading from Ladakh into Bisalir, at a height of 17,000 feet- 
This species, which is not represented among my fossil material, has been compared 
by Waagen to Strophaloaia plicom from the lower Productus limestone of the 8alt> 
Range and has been identified recently with an Australian shell from the Bowen 
river coalfield in Queensland by R. Etheridge, jun. (Geology and Palaeontology of 
Queensland and New Guinea, London, 1892, p. 200, PI. XIII, fig. 18, PI. XIV, 
fig. 18 ; PI. XL, fiss. 7, Whether the two dorsal valves from the Zewan beds 
of Kashmir, described and figured by Dr. Verchere as Strophalo$ia (?) arach»oid*a 
(Journ. Asiat. Soo. of Bengal, Vol. XXXV, Pt. 2, p. 213, PI. IV, fig. la, lb), 
really belong to this genus, is at least very doubtful. 

Among the specimens of Strophaiosia, contained in the Geological Survey's 
Himalayan collection, two species can be distinguished. One of them appears to 
be related to St. costata, WuageD, the other to St. tcnuupina, Waagen. 

1. Strophaxosia bp. ind. app. 8t. costata, Waagen. PI. I, figs. 15, 16. 

Besides a considerable number of very poorly preserved fragments, two incom* 
plete Tentral valves w ith partly preserved shell are referable to a species, which to 
m« seems rather closely allied to St. cottata, Waageu (Salt- Range Fossils, Pal. Ind., 
ser. XIII, Vol. I. Prod. Limest. Foss., p. 655 ; PI. LXI1I, tigs. 7, 8 ; PI. LXIV, 
fig. 1) from the lower Productus limestone (Atnb beds) of the Salt- Range. 

Both specimens are of transversely oval outline, but so much crushed as to 
appear strongly asymmetrical. The apex is too badly preserved to show the 
presence of point of attachment. Nor has it been possible to state the presence 
of an area with full certainty. A mesial sinus is but slightly indicated. 

The most characteristic feature of these two ventral valves is their ornamenta- 
tion. It consists of tolerably sharp, elevated, radiating ribs, which are not quite 
regular for their entire length and increase in number towards the front either by 
bifurcation or by intercalation of new cost as. At irregular intervals ihe ribs are 
strongly nodose and ornamented with spines. These spines are most numerous in 
the vicinity of the lateral margins near both extremities of the hinge-line. This 
coarse radiating sculpture is crossed by a very delicate concentric ornamentation. 

The measurements of the smaller specimen (fig. 15) are approximately as 
follow :— 

!,•_,-•[ of lh» >btU SI mm. 

Hreailtl . . . . . . . • . . 8 „ 

Litnglk of tb* hin^-line 15 „ 

Locality and geoloyical position ; number of specimen* exa m ined.— Dark blue, 
shaly limestone, with Fenestella, N. of Eisbmakam, Kashmir Valley ; ColL 
Lydekker ; 2. 

Remarkt.— Among the Indian representatives of this genus the present 
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species has probably its nearest ally in Strophalosia coslata, Waagen. It is, how* 
ever, distinguished from the latter by its considerably larger dimensions, by the 
absence of a strongly developed mesial sinus and by its more numerous spines. 

2. Strophalosia op. (?) tbnuispina, Waagen. PI. I, fig. 17. 

1887- StropkeJw* tenuitpima, Wiijn, Silt-Bug* VcmU, FaL Ind., Nr. XIII, Vol. L Prodaetai Lim,. 
rtou Tom., p. «M, PL LXlV, 6gt. 2-7. 

A single incomplete ventral valve of a Strophalosia so closely resembles this 
species from the lower Productus limestone of the Salt-Range that I can scarcely 
be far wrong in referring it to the latter as its nearest ally. 

Its general outline is almost circular. The ventral valve, which alone is 
accessible to observation, is but moderately inflated, as in Waagen's type 
specimen, figured on PL LXlV, fig. 2 of his monograph and is very regularly 
curved in either direction. The apex being broken off, one of the most important 
characters for the identification of a Strophalosia is unfortunately missing. 

The ornamentation is nearly the same as in the specimen figured by "Waagen 
on PI. LXIV, fig. 6 of his monograph. It consists of a comparatively small 
number of very thin, elongated spines, which are directed forward, firmly appressed 
to the surface of the valve, and arranged into approximately concentric rows. A 
few imbricating, concentric stria of growth may be noticed besides this radiating 
sculpture. 

I have not succeeded in cleaning the dorsal valve from the adhering 
matrix. 

Exact measurements of this species cannot be given, as the materials at hand 
are too fragmentary. The figure will give, I hope, a sufficiently clear idea of its 
features. 

Locality and Geological position; number of specimens examined. — Shaly, 
micaceous limestone with Productus semireticulatm, Barus, Kashmir Valley ; ColL 
Godwin- Austen ; 1. 

Remarks.— As this specimen is too imperfect to warrant a decided identi- 
fication, its direct reference to Strophalosia tmuispina may have elements 
of doubt, but, on the other hand, I cannot satisfactorily compare it to any other 
among the congeneric Bpecies. Had it not been for the moderate inflation of the 
ventral valve and for the less numerous and more delicate spines, S. plicata, 
Waagen, might have put in a claim for a closer comparison. 

In the Salt-Bange Strophalosia tenuispina is restricted to the Chonetes-bed of 
the lower Productus limestone at Amb. Tbe Barus beds of Kashmir with P. 
temireticulatus seem to hold a similar geological position. 

Subfamily : CHONETINiE, Waagen. 

Genus: CHONETE8, Fischer v. Waldh. 
In tbe Himalayan collections of the Geological 8urvey from Kashmir and 
Spiti the genus Chonetes is represented by altogether four species. Among the 
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subdivisions or sections of this genus established by L. do Koninok and partly 
emendated by Waagen, they can be grouped in the following manner:— 

I. Sicnow : 8TRIATiE. 
1. Ckomtttt rf. Li$*aren*U, Diener. 

IL Seoibw: GRANDIC08TAT.E. 

S. Cko%*tei granJicot'a, TViageQ. 
4. Chonetet Barutitntu, Davidson. 

One of these species, Chonetet cf. Littarentit, from the Kuling shales of Spiti, 
is probably identical with one of the most common leading fossils of the permian 
Productus shales of Johar, described by myself in the fourth part of this volume. 
Chonetet grandicotta had been previously discovered in the upper Productus- 
limestone by Waagen. The two remaining species are peculiar to the anthracolithio 
system of Kashmir. One of them, Ch. Barutientit, had been originally classed 
among the genus Spirifer by Davidson. In placing it in the genus Chonetet I 
am following Waagen's opinion. 

Besides Chonetet Axuteniana and Ch. Barutientit two more species of this 
genus have been described by Davidson in his memoir on the carboniferous fossils, 
collected by Captain Godwin-Austen in Kashmir. These are Ch. Unit, Davidson 
(Quart. Journ. Geol. Soc., London, Vol. XXII, 186f, p. 44, PI. II, fig. 17) and Ch. 
BardrentU var. Tibetentit, Davidson (ibid, p. 36, PI. I, fig. 7). The latter denomi- 
nation ought to be changed into " Kathmerientit," according to Lydekkor, because 
the specimens in question were obtained from Kashmir, not from Skardti in Little 
Tibet, as it had been first erroneously supposed. 

Chonetet leech is a small and rather indifferent species, with a nearly 
smooth surface. Waagen has compared it to Ch. Ambientit, Waag., Ch. rotundata, 
Toula, and Ch. planumbona, Meek and Worthen. He even suggested its 
probable identity with Ch. rotundata from Hoefer Island. I think, however, that 
all these forms are specifically different from Ch. lavit. Ch. rotundata, Toula (Bine 
Kohlenkalk Fauna von den Barents-Inseln, Sitzungsber Kais. Akad. d. Wi&s. 
Wien, 1876, math. nat. CI. Bd. LXXL, p. 28, Taf. II. fig. 12, non 11) is much 
more strongly convex and not flattened towards the ears, which according to David- 
son's description, is a prominent feature in the Himalayan form. Ch. Ambientit 
Waagen (Salt-Range Fossils, PaL Ind., ser. XIII., Vol. I. Prod., Limcst. Foss., 
p. 618, PI. LVIII, figs. 1-6) is also more strongly inflated and provided with a shorter 
hinge-line and with a prominent apex. From Ch. planumbona, Meek and Worthen 
(Geol. 8urv. of Illinois, Vol. II. Pahsont. p. 253, PL 18, fig. 1), Ch. Icevit differs by 
similar characters. 

The second species, Chonetet Hardreneit var. Kathmerientit, belongs to a group 
of the carboniferous descendants of the devonian Ch. Eardrentit, Phill., of which 
Ch. Laguettiana, L. de Kon, is the prototype. 
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I. Section : STRIATES. 
1. Chonbtes cf. Lissarknsis, Dienor. PI. VI, Cg. 3. 

188*. Ckonrtr* T.U'amnt. DinKT, HiroAlnian Fouih., P»l. Ind.. for. XV, Vol. I, Pt. 4. The faona of the 
l*.a,ian PfclMtU lW» of JobSr'.ud Peiuklianda, PL II. figs. 4, 6, |>. 

Among the fossils collected by Stoliczka in the Killing shales of Spiti 
thero is a single ventral valve of a C/totwtea, which seemed to me indis- 
tinguishable from Ch. Lissarcnsis, one of the most typical species of the permian 
Productus shales of Johar. 

Its outline is transversely trapezoidal, with roundod-off margins. It is 
very gently curved in the longitudinal direction. The hinge-line corresponds to 
the greatest width of the shell. The lateral parts are distinctly flattened and form 
slight triangular wings. The apex is very slightly developed and pointed. No 
spines have been noticed on the margins, which are limiting the area above. 
The mesial sinus is cut out very sharply and bordered by steep marginal walls. It 
is, however, neither deep nor wide, and disappears almost completely in the 
vicinity of the front. A narrow, sharp, median fold rises from the bottom of the 
sinus and is distinctly developed almost throughout its entire length. It is exactly 
of the same character as the majority of the specimens from the Productus shales 
of the Lissar Valley in Johar. 

The specimen is a cast only. Its central portion is ornamented with very 
• numerous and delicate stria?, covered with numerous puncta. In the marginal 

region the ornamentation is partly obscured by weathering, but in souie places, 
especially in the vicinity of the wings, tlio presence of deep grooves is distinctly 
seen, which arc directed towards the tlicll margin. 

The measurements of this specimen are as follow :— 

Entire Uingth of tb. .Ml 9 mm. 

,. breadth „ ., along the hinge-line . . . . . 1" ,. 

It Mi Wei of the rental valid 2 „ 

eYpfenl angle without lb* wiafi oca. I'JO' 

Locality and geological jmition ; number of sjweimens examined. — Ruling 
shales, associated with Margin\fera llimalayensis, Kulins, Spiti ; ColL Stoliczka ; 1, 

Remarks —This specimen can hardly be otherwise determined, I think, than 
as Ch. lissarcnsis. If I do not venture on a direct identification, it is because 
the example is not complete and differences might perhaps be noticed, if the 
dorsal valve were preserved. A closer comparison with other forms of this group, 
Ch. Vishnu, Salter, Ch. lobata, Schellwieu, Ch. meaoloba, Norw. and Pratt, seems 
hardly necessary. 

Chonetes Lissarcnsis is a very common shell in the permian Productus shales 
of tho Lissar Valley in Johar. Its presence in the Kuling shales of Spiti would 
therefore be of no slight importance, with regard to a determination of thoir exact 
strati graphical position. The Kuling shales of Spiti, or, more exactly, their lower 
portion, which contains a palaeozoic fauua and is overlaid by the triassic Otoccras 
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stage, have been correlated with the Productus shales of Johdr and Painkhanda 
by Griesbach. The preseuce of Ch. liatxtrensit in these beds would he strongly 
in favour of this view. 

2. Chonetes Aubteniana, Davidson. PL II, fig. 13. 

lfWifi. Ckoarlet Autltaiaaa, Daviilann. Quart. Jonrn. Gi>ol. Soo, London., Vol. XXII, p. 11, PI. II. 6g. 18. 
1884. C4. Anltmiana. ttaageo, Salt-Bange Fowil., IVroont. Indien. Mr. XIII., VoL I, Prod. Limost Fou.. 
p. U33. 

This speeies was introduced by Davidson from a single ventral valve, collected 
by Captain Godwin- A listen in tho authracolithie rocks of Kashmir. My materials 
for its description arc unfortunately in no way more complete. 

The only specimen, available for description, is a ventral valve of a transversely 
oval outline. It is moderately inflated and very regularly curved both in the 
longitudinal and in the transverso directions. Thore are no auricular expan- 
sions, although the lateral parts are slightly flattened near the extremities 
of the hinge-line, which corresponds to the greatest width of the shell. The apex 
is barely at all proininout, pointed, but not or only very little involute. At its 
very oxtremity a narrow, concave, median sinus originates and extends to the 
front, increasing gradually but very slowly in width and depth. On the lateral 
portion of the valve t wo obscure, rounded depressions of very small dimensions 
may be traced on each side of the mesial sinus. These depressions are more 
conspicuous than the broad, barely elevated folds, into which the lateral portions 
are divided by the former. Otherwise the surface is almost smooth. But thia 
feature, 1 think, is only due to the weathering of the cast, because in some places 
a large number of rounded punctures is indistinctly visible, which are arranged 
into radiating stria. 

Neither the dorsal valve nor the internal characters of this species are known. 

The measurements of my type specimen are as follow :— 

■Ufa l*ngth ol tl.« iheU 12 6 mm. 

„ br.-adth 16 

. U>i«kne» 8-5 „ 

Apical »i>trl« if toe ventral valve without the win^a .... 120° 

Locality and geological position; number of tpeciment examined. — Coarse, 
grey limestone, made up almost entirely of undeterminable fragments of brachio- 
poda, Zewan beds, Barus, Kashmir Valley ; Coll. Godwin-Austen ; L 

Remark*. — The present species has been classed by Waagen among the 
section of grandico»tatcc, and I must state my reasons for not concurring in 
this view with that learned author. In its general characters Ch. Jutteniana 
approaches more nearly the "itriatJe " than any form of the «• grandicostata;," being 
characterised by a delicate, radii-ting striation, which is made up of a large number 
of regularly arranged punctures, whereas the traces of larger plications are rather 
obscure and restricted to the vicinity of the margins only. In this respect t'A. 
Autteniena cannot advantageously be compared to Ch. temiotalit, Waagen (1. o. 
p. 032, PL LXI, fig. 5) as has been suggested by Waagen. The latter specie* 
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undoubtedly belongs to the section of grandicostata, being distinguished by the 
presence of strong and moderately high, radiati ng ribs. I therefore should not 
think it advisable to unite Ch. temvwlit and Ch. Jmteniana in the same group of 
forms. 

Among the "$triatae" Chonetet Autteniana may be considered as the proto- 
type of a proper group, distinguished from the rest of congeneric species by the 
presence of a few, low depressions, affecting the lateral portions in the vicinity of 
the shell-margin. 

H. 8BCTIOK : GRANDIC08TAT./E. 
3. Chonbtes gbandicosta, Waagen. PI. II, fig. 14. 

1884. Cko»ett$ gwiicvta, Wwgen, SaK Hinge Fowl., Pab»nt. Iod., »er. XIII, Vol. I, Prod. Lime*. Fa..., 
p. 688, PI. LXI. fig*. 6, 7. 

The materials of this species in the Himalayan collection are very small, but 
the specimen is so characteristic that I think the determination can be made with 
sufficient accuracy. 

The specimen serving for description is slightly inferior in size to Waagen's 
types, but perfectly agrees with tbem in all its characters. It is easily distin- 
guished from all the rest of congeneric forms by its strongly inflated ventral valve, 
its deep mesial sinus, and its well developed, radiating folds. 

The ventral valve, which alone is accessible to observation, is a little wider 
than long, strongly but rather regularly convex. The hinge- line corresponds to the 
greatest width of the shell. The apex is slightly prominent, pointed and incurved, 
thus oonccaling the area almost entirely. In the specimen at my disposal the 
largest portion of the area is covered up by the rooky matrix. 

Transversely the valve appears impressed in the middle by the presence of a 
very deep and broad, mesial sinus, which originates in the apex and is limited on 
both sides by prominent, rounded folds. These folds descend rather abruptly 
towards the flattened, pointed wings, from whioh they are marked off very sharply. 

The entire valve is covered by a radiating sculpture, which is most prominent 
on the two elevated folds. The sinus is ornamented in its bottom by delicate, longi- 
tudinal striae only, whereas on the elevated folds regular oostaj make their appear- 
ance, the highest among them forming the very crest of each fold. The wings are 
apparently devoid of a radial sculpture, but are ornamented with imbricating, 
transverse stria) of growth. This transverse sculpture is but very faintly indicated 
in the remaining portions of the valve. 

Neither the dorsal valve nor the internal characters of this species are known 
to me. 

The measurements of the present specimen are as follow :— 

Entire length of tbe "bill ......... 6 mm. 

„ breadth ,, „ „ along tbe bingo-lino ...... 9 „ 

it thicko«M a » ., 4 „ 

Apia*) angle of tbe Tentral valre, withont the win*. .... oca. 80* 

Locality and geological poiition; number of specimens examined. — Micaceous, 
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dark shales, with Productu* Abicki and Marginifera himaloyemis, western summit 
of a ridge N.E. of Prongam Tral, Kashmir ; Coll. Lydekker ; 1. 

Remarks.— The only differences between this form and Waagen's type-spe- 
cimens of Chonete* grondicosta are the somewhat more longitudinal shape and the 
smaller size of the former. In these characters it approaches more nearly Ch. aeqm- 
cotta, 'Waagen fJL c. p. 639, PL LX, fig. 7), from which it differs however by its 
ornamentation and by its deeply impressed mesial sinus. The two above-mentioned 
points of difference are certainly too insignificant to forbid its identification with 
Ch. yrendicotta. 

In the Productus limestone of the 8alt Bange the present species is restricted 
to the Cephalopoda beds of Jabi. 

4. Chonktbs BABC8IKN8I8, Davidson. PI. VI, fig. 4. 

1886. Spirfrr D»T«Uoa. Qaart. Joan. GooL 8oc, London, Vol. XXII, p. 42, PI. II, fig. 7. 

1884. CkttuUt Barwwum, Waagen. Salt Bang* Foe*., Pal IaaV aw. XITI, Vol. I. Prod.Limaet. Fon., 
p. 818. 

Professor Davidson had only a single ventral valve of this Bpecies at his 
disposal, for which he introduced the present denomination. Nor are my materials 
in any way more complete. Thus our knowledge of the species necessarily must yet 
remain rather imperfect. 

Davidson himself states his description of this shell, which he provisionally 
classed among the genus Spirifer, to be very incomplete. Waagen was the first to 
discover the close resemblance of Spirifer Barutienti* to the largely oostate speoies 
of Chonete* from the Froductut limestone of the Salt Bange, and he consequently 
deemed it preferable to consider it as a ventral valve of a Chonete*. I fully agree 
with this opinion of that learned author. 

Chonete* Barmiensi* is of very small size and is easily distinguished from the 
rest of largely costate Chonete* by its transversely trapezoidal ou tline, being twice as 
broad as it is long. The greatest width of the shell Corresponds to the hinge-line. 
The ventral valve is but very little inflated and equally curved in the longitudinal 
direction. A broad, rounded sinus originates in the very apex and extends to the 
front, increasing gradually in width and depth. The wings are large, flattened and 
pointed. The apex is not prominent. There are three folds within the mesial sinus 
and five on each of the two elevated parts of the valve on both sides of the sinus. 
The costss within the sinus are less strongly developed than those on the elevated 
parts of the shell. The wings are devoid of any ornamentation. 

Neither the dorsal valve nor the internal characters of this species are known 
to me. 

The measurements of my type specimen are as follow:— 

Katire length of the Tentral t»1t» 4 mm. 

„ breadth M », ,, „ . . . • . . . .8., 

,. tkieknoM „ „ * eea I » 

Apical angle of the Teotral Talrc, without the wing* ..... oca. 10t<° 

Locality and geological position ; number of specimen* examined.— Dark shales, 
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weathering in greenish and reddish colours, with Protoretepora, Barus, Kashmir 
Valley ; Coll. Godwin-Austen ; 1. 

Remarks. — Chonetes squamultfera, Waagen(l. c. p. 634, PI. LX, figs. 1 to 4) from 
the middle and upper Productus limestone of the Salt Range has been considered 
as the nearest ally to the present species hy Waagen. The two forms arc, however, 
readily distinguished by the smaller size and greater width of the Himalayan shell, 
by its flatness, its larger wings and its distinctly impressed sinus, which is limited 
off more sharply from the eleTated parts of the ventral valve. 

On account of its great flatness and of its large, pointed wings Ch. deplanata, 
Waagen, might put in a claim for a closer comparison. 



Among the fossil materials, collected in the anthracolithic rocks of Kashmir 
by Lydekker, there are several fragmentary oasts of a Lyttonia, which is probably 
very closely related to L. nobilis, Waagen, or to L. tenuis, Waagen, but does, unfor- 
tunately, not allow a specific determination, on account of the fragmentary charac. 
ter of the forms available for observation. 

The smaller of the two figured casts, corresponding to the cardinal portion of a 
ventral valve, exhibits thepcculiar triangular outline, whic h is common to all the 
species of this genus. The shelly substance has been entirely destroyed, but its 
characteristic, distinctly porous structure has been partly preserved on the cast. Both 
the strongly developed median septum and the numerous lateral septa are marked 
by deep furrows, which are corresponding to them in the casts. Ihe surface of the 
latter is partly covered by the branches of Protoretepora. 

The specimen, figured on PI. II, fig. 16, seems to have attained very consider* 
able dimensions, its width at the anterior border measuring about tfO mm. 

Tlie present species iB perhaps identical with one of the congeneric forms from 
the Productus limestone of the Salt Range described by Waagen. With Lyttonia 
Richthqfeni, Kayser (Obercarbonische Fauna von Loping, Kichthofeu's " China, 
IV. Bd., p. 161, Taf. XXI, figs. 9-11) it cannot be identified, because the median 
septum, which is very distinctly developed in my casts, seems to be entirely absent 
in the Chinese shell. 

Locality and geological position; number of specimens examined. — Dark shales 



with limestone partings, made up almost entirely of Lryozoa, especially of Pro- 
toretepora, Marble Pass, Kashmir ; Coll. Lydekker ; 4. 

Remarks.— Lydekker (Records Geol. Surv. of India, 1884, Vol. XVII, p. 37) 
was the first to draw attontion to the occurrence of Lyttonia in the anthracolithic 
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Sub-family: IA'TTONlINvE, Waagen. 



Genus: LYTTONIA, Waagen. 



Ltttoxia sp. ind. PI. II, figs. 15, 16. 
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deposits of the Kashmir Valley. The presence of this genus is of considerable im- 
portance for a safe correlation of these beds, as it has hitherto never been discovered 
in older than upper carboniferous strata. 



Family : STROP HO MEM DM, King. 
Sub-family : STROPHOMKNIN.E, Waagen. 
Genus : STROPUOMENA, Blainville. 

■ 

1. Stbophomkna analoga, Phillips. PL II, fig. 17. 

1836. Product* amaloja. Phillip* Geology of York.hir*. VoL It p 816, PI. II, fig. 10. 
18*0. L*pt**a dUlvrta, Sowerbj. Miner. Cnch., Vol. VII. PL 615, fig. i. 

1S43. Ltfttrma deprtua, L. do Euninck, Kewription de* amuianx toaaila* qui te tronvent dana Is terrain 

oarbonifere J, Belgiqoe, p. *I6, PI. XII. fig. 3. 
ISM. I*pt«r ■:• i payor*, M'Cor, Synopoi. of th. character* of tbo owl. Ion. of Inland, p. 118, PI- 

XVIII, «g. 11 

1861. Stropkomtna rkomboidali* ear. analoga, DaTideon, Monogr- Britiah Carb. Braohiopoda, p. 119, PI. 
XXVIII, fig*. —IS. 

1£6S. SttO'fkommina m*afog* t PaYwlfton, (h\ tbo lowtr carboniferous bracliiopLrJa of Kots Sooi**, Quart. 

Joura. Gool. Hoc. London. VoL XIX, p. 173, PL IX. fig. 18. 
1867. Slr.aaalofa. VnrchtT*. K .r, tbo Weet*ra Himalaya nod th» Afgan Mu, Jonrn. A*i»t. Soc of 

Vol. 35, PL 2, p. 212, PI. II. fig. 4. 
1872. St. rkomlwHalu car. analoaa, Etberidg*. Quart. Joura. Geol. Son., Vol. XXVIII, pp. SSI and 838, 

PI. XV, fig*. 3 »iid P 6. II XVI, fig. 7, PL XVlU, fig. 1. 
1876. St. dtpr—a, Touln, Eine Kohleukalk Paan* »i>o den Bareuta Inalen Sitxgaber. Kais Ak*d. d. Wi.». 

Wloo. LXXI, Bd. math. oat. CI. I, Abtli p 28 Taf. U, fig. 8. 
1878. Stropkomtna a.aloja, L.de Koninck. Nou.eUe* Reebemhe. aur Wa Coaailea palooicquee de la Nonrello 

Gallo. du Sad. p. 203, PL IX, t» 3. PI. XI. fig. 7. 
1872. St. rkvmb'jiialit w. amatoca, B. Etheridge jun. in Jaek and Etlioridp*. Geology and Paleontology 

of Qnrraaland and New Guinea, p. 245. PI. XII. fig*. 8, 9. PI. LX, fig. 6. 
16*6. St- amaloja. Jdien, L e terrain carbonifir* inarm de la Franca Central* p. 84, Pt. Ill, fig*. 8, 9. 

Thisspeoies which by the majority of palaeontologists has only been admitted as 
a variety of the silurian Strophometta rhomboid al is, Wahlenberg, is represented 
among the fossils collected by Lydekker, in the anthracolithie rocks of Kashmir, by 
a tolerably well preserved, though incomplete, ventral valve. Exactly at the place 
where we ought to expect the sudden geniculation in the convexity of the shell, 
the latter has been broken off in my specimen. 

The ventral valve is of a subtrapizoidal outline, considerably wider than long, 
moderately curved in both directions, and provided with large, slightly depressed 
auricular expansions, which join the lateral borders in a very regular curve. The 
hinge-line corresponds to the greatest width of the shell. The apical region strong- 
ly reminds one of a Productta, but exhibits the trace of the characteristic perfora- 
tion in the vicinity of the beak, peculiar to the genus Strophomena. 

The gcniculated portion of the valve having been broken off entirely, the sur- 
face of my specimen shows the reticulate ornamentation only, restricted to the 
posterior portion of complete forms. The longitudinal strias are very numer- 
ous and some* hat irregular. The concentric wrinkles are more strongly marked. 

h 2 
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Among them thoso wrinkles, which are situated in the vicinity of the apex, meet 
the cardinal border at right angles or are even slightly converging towards the 
beak, whilst those, which are situated on the visceral portion of the valve follow 
the marginal curves in their direction and are consequently turned outwardly to- 
wards the cardinal angles. 

My specimen is too incomplete to allow exact measurements to be given. 

Locality and geological position ; number of ipeciment examined. — Shales with 
limestone partings containing Productus Abichi, Chonetes grandicoita and Margi- 
nifera himalayentis, western summit of a ridge North-Eat>t Frongam Trill, Kash- 
mir ; Coll. Lydekker ; L 

Remarks.— This species belongs to a series of forms, which ranging from Silu- 
rian into permo-carboniferous deposits, are changing so slightly in their shape and 
sculpture that the majority of palaeontologists are inclined to consider them as 
variations of a single species only. L. de Koninok (Recherches sur lee foss. pal. 
de la Nouvelle Galles du Sud, p. 210), however, does not share in this view, but be- 
lieves the carboniferous St. analoga to differ by a few though very subordinate con- 
stant characters from its silurian and devonian allies. 

St. analoga, in L. de Koninok's circumscription of this species, ia a form of 
tolerably large geographical and geological distribution. It ia known from tbe ' 
lower carbonif orous deposits of western Europe and of Nova Scotia, from the upper 
carboniferous rocks of Queensland and of New South-Wales, and from the permo- 
carboniferous limestone of Barents' Island (North- West Nowaja Semla). With the 
specimens which have boen collected from the last mentioned locality by Hcefer 
and described by Toula, Lydckker's example from Kashmir resembles most closely 
by the comparatively strong convexity of its ventral valve. 

A very large form of a Strophomena has been figured by Dr. Verohere. 
But the author docs not state whether it was obtained from the Zewan beds cl 
Kashmir or from the Productus limestone of the Salt Range. 

Sub-family : ORTHOTHETIN^, Waagen. 
Genus: DERBYIA, Waagen. 
Dkrbtia cf. sbnilis, Phillips. Pi. VI, figs. 5, 6. 

186«- Spirifer —Oil, Phillip.. Gfologj of Torkahira. VoL H. PL IX, fig. 6. 



1861. Strtftorkpckm. erenulria var. aea.Yir, Da.idaon, Hoi.ogr.ph Briti.h arboniferoua Braebiopoda, p. 

121, PI. XXVII, fig.- 2, 8, 4. PL XXX, fig* 13, 14 (eaeUri, e*ei»,i.). 
1866. StrtptorAfftdut ermiitria. Davideon, Quart. Joarn. Gool. 8on„ London, Vol. XXII, p. 43, PL U, 

fig. 10, 

1880. Slrrplarynrkm crentiiria var. it*Ui* (?) Boemer Ueber eine Kohlenkalk-fanna von der Wcatkneetc 

ton Sumatra, Pabxontograpbiea, 27 td., p. 6. 
1880. OrthotkeU, oMMrtrfa var. witJw, Etheridga jua., Proetad. Rc } ral Pvt. &». of Edinburgh, p . 282, 

PL VII, figa. 18—14. 
1883. Ortkotketei ertmUtria tar. tnilit. Kirn, ( 

IV, Bd, p. 178, f|. XXIII, figi. 1-T. 
18*1. Dtrbpia teailu. Waagen, Salt Rang* Poatilt, PaL Ind, mt. XIII, VoL I, Prod. Limeet. Foia, p. £93. 
mi. Dtrkjiu »«»«/«, Etheridge jun., Jack aad Etheridge, Ueolugj and Paleontology of Qeeenaland and 

Maw Guinea, p. 84«, PI 12, figt 
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It is with great reserve only that I refer some of the numerous fragments from 
the carboniferous rooks of Kashmir which have been identified with Orthothetes cre- 
nktria by Davidson to the present species. As has been stated by Professor "Waagen 
himself, a distinction of the different species which he introduced in his genus 
Derbyia is extremely difficult "as the forms are very variable and seemed to be linked 
together by more or less numerous transitional shapes." A specific distinction there- 
fore becomes impossible, if one has to do with fragmentary speoimens. 

Among my materials of Derbyia, accepting Waagen's separation of this genus and 
Orthothetet, there is only one single, fairly complete dorsal valve. It is on account 
of its strong similarity to the British and Chinese types of Derbyia senUi* that I 
refer a few fragments of ventral valves to the same genus, although no trace of 
the characters, which led Waagen to a generic distinction between Streptorhynchu$, 
Derbyia and Orthothetet, has been preserved in any of my specimens. 

The dorsal valve, which alone, among all the rest of fragments provisionally 
referred to this species, iB fairly complete, appears to me to have a stronger affinity 
with Derbyia senilis, than with any of the species described from the Productus 
Limestone of the Salt Range by Waagen, or from the upper carboniferous limestone 
of the Krone by Schcllwien. It agrees almost perfectly with the British specimon 
figured by Davidson on PI. XXVII, fig. 3 of his monograph. It is moderately 
convex, hut the regularity of the curve is slightly deformed by pressure. No dis- 
tinct median furrow has been noticed. The hinge-line is considerably shorter than 
the greatest width of the shell. In this respect the present specimon is also most 
closely allied to the British form from Bolland and to the Chinese types from 
Loping, described by Kayser, but distinctly differs from all the Salt. Range species 
of the group of D. senilis. Etheridgo's type speoimens of D. senilis from Queens, 
land are likewise provided with a short hinge-line and therefore agree best with 
the Himalayan and Chinese typos. 

Towards both ends of the hinge-line the valve is somewhat flattened. Thus two 
small flattened wings are formed on each side. The frontal line seems to be nearly 
straight, not depressed in the middle. 

The surface of this valve is ornamented with numerous radiating striro of un- 
equal strength. These strise, the edges of which appear locaily crenelated by the 
intersection of concentric wrinkles, are somewhat irregular, often flexuous and 
dichotomising. 

The measurements of this specimen are as follow :— 

Lwglh of the -ti r*\n 2 1-6 mm. 

fiwatb ., „ M 

Lsogth of th« hinge-lio« 14 

Whereas this specimen may be referred to Derbyia senilis with great pro- 
bability, although I am not convinced of its identity with the latter species, the 
appurtenance of several other fragments to the genus Derbyia is much more 
doubtful. One of the more complete, whieh has been figured on PI. VI, fig. 6 of this 
memoir, exhibits the peculiar semiconic shape of the valve and the step-like 
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interruptions in the sculpture *' produced by two or three very large and irregular 
concentric undulations," which are among the leading features of D. senilis. These 
are however the only claims my fragment can put in for a comparison with the 
present species. 

Locality and geological position ; number of specimens examined. — Micaceous 
shales with Spirtfer Musakheylensis and numerous Bryotoa, Barus ; Coll. Godnin- 
Austen j 4. 

Remarks,— The large list of synonyms given for Streptorhynchus crenidria 
hy L. de Koninck cannot he accepted for the present species, if the latter is taken 
in the narrow circumscription, which has been proposed by Waagcn. Following 
the interpretation of that learned amhor, none of the American or Spitzbergen 
forms of the genus can be united with Derbyia senilis. 

The true D. senilis has hitherto only been described from the mountain lime- 
stone of Western Europe and from the upper carboniferous deposits of China, 
Australia and (?) Sumatra. Its presence in the permian rocks of Timor is as yet 
very doubtful. 

8ub.order: HELICOPEGMATA, Waagen. 



Family : NUCLEOSPlRlDrt, Davidson. 

Sub-family: RETZIIN^, Waagen. 

Sub-genus : ETJMETRIA, Hall. 
1. E umetri a cf. grandioosta, Davidson. PI. VI, fig. 10. 

1882. litizia radialit ear. jrandiceUa, Davideoo, Quart. Joutd. Grol. foe, London, Vol. XVIII, p. 28, PL I, 

fig. fi. 

1803. Sttiia radialit. Ptiill,, rar. granditvta, Davidaon, in L. do Koninck, Memoir* aor In foaailoa paleo. 

zoiqnea, reee uillu daxi l lnde. p. 38, PL IX, 6g. S. 
1667. Btttia radialu rar. gtatiiicotla, VercLere, KaeLmir, the Wertrrn Iliro<lav» »n<! tb» Afghan II to- 

Jonni. Aaiat 8«e, of Bengal, XXXVI, TU 2. No. 8. p. 211. 
1882. It. sranditotta, Kaj»r. Ooeicarboniache fuia tod. Loping, Riehtbofro " China," IV Pd.. p. 176. 
1684. Eumetri* fiamditvla, Waagra. Salt Range Foaa., Pal. Ind., aer. XIII. Vol. I. Prodactua Limoat- 

Foaa., p. 401, PI. XXXIV, figa. 6-13. 
I860. Seisia graudicttia, Nikitin, Him. Citaht Giul Sx. Pflnaboorg, Vol. V, No- 6, p 88. Taf. Ill, figa. 

9-11. 

1892. Bettia grandimta, Eollij Ml, 1'ie Pein,-Tr:a* ond Joratoimalicn anf Timor nnd Rotti. haw 
tograpbica, SB Bd. p. 83, Taf. X, fig. 11. 

Two incomplete forms of a small brachiopod with a punctate shell struc- 
ture and with radiating cos-ta? Lave been obtained from the carboniferous rocks 
near Eishmakam by R. Lydekker. I think there can be but little doubt that the 
species is a representative of the genus lletzia or of its sub-genus Eumctria. It is 
not impossible that we are dealing here indeed with the widely distributed 
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Eumetria grandicotta, but the state of preservation of my specimens does not war- 
rant a certain identification. 

The more complete one of my two forms is a little longer than large, and 
provided with moderately and evenly convex valves. The beak of the ventral 
valve has unfortunately been broken off. Neither a sinus nor a median fold is 
developed in any of the two valvos. Each valve bears about eight or ten prominent 
costtc, which are distinctly rounded on their tops. Their exact number cannot be 
made out, bocauso the lateral portions of the shell are partly covored by the tough, 
ndhering matrix, which I have not been able to remove. 

In my second specimen consisting of a dorsal valve, nine ribs are counted. 
The median rib does not surpass the others in strength. 

The shell is punotate. 

The measurements of the figured specimen are, approximately, as follow :— • 



Length of the .hell «». 7 mm. 

„ „ doiwlralr. a ., 

Bre*3tb of th. .hell 5 5 . 

Thhjkne*. of the two valve. 2'5 „ 



The reference of this shell to Eumetria grandicotta is provisional only, although 
it seems to exhibit a stronger resemblance to this species than to the rest of 
congeneric forms. From E. ulotnx, de Koninck, or from E. indica, Waagen, it 
differs by the greater number and by the less prominent character of its coslm. In 
Retzia radialit, I'liill., the number of ribs is, as a rule, larger, and in typical 
shapes at least a median sinus or corresponding fold is developed. With Retzia 
pseudocardium, Nikitin, a closer comparison is scarcely necessary. From Retzia 
Mormonii, Marcou, (Geology of North America, PI. VI, fig. 11), it is distinguished 
by its less globose shell. 

A similar romark applies to Retzia compretia, Meek (Palieontology of California, 
Vol. I, p. 14, PL II, fig. 7), which is, however, very closely allied to my Kashmir 
specimens and specially agrees with them perfectly well in size and number of ribs. 
It is therefore not impossible that a largor number of better preserved types of the 
present species might prove the latter to be rather a variety of Retzia compreitm 
than of Eumetrii grandicotta. 

Locality and geological potition; number of specimen* examined. — Dark lime- 
stone, crowded with joung individuals of indeterminable brachiopods, Eishmakatn, 
Kashmir Valley ; ColL Lydekker ; 2. 

Remarkt. — In the Salt Range Eumetria grandicotta is equally distributed 
throughout the entire thickness of the Productus limestone, with the only exception 
of tho Chidru beds. It has been, moreover, described from the Gshelian stngo of the 
carboniferous system in Central Russia by Nikitin and from the permian rocks of 
Timor by Rothpletz. 

Retzia compretxa is quoted from the anthracolithic rocks of California by Meek 
and from tho uppor carboniferous Fmulina limestone of Loping in China by 
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Family : ATHYR1DAI, Phillips. 
Sub-family : ATHYRINJE, Waagen. 
Genus: ATHYRI8, M'Coy. 
(Spirigera, d'Orbigny.) 

The family Alhyridee is represented among the brachiopoda from the anthra- 
eolithio rocks of Kashmir and Spiti by the genus Athyrit only. 

The sub-genus Spirigerella, Waagen, which is bo largely represented in the Salt 
Range, is entirely absent from my fossil materials from the North- Western Hima- 
layas. I must lay a special stress on this fact because Waagen himself supposed 
Davidson's and Veroh&re's Athyrit tubtilita from Kashmir to bo identical with 
Spirigerella Derbyi, an identification in which this learned author has however 
been mistaken. 

Among the representatives of the genus Athyrit in the Geological Survey's Hi- 
malayan collection from Kashmir and 8idti the three following species can be distin- 
guished :— 

1. Atifrii Gerardi, no v. «p. 

2. A. cf. expauia, Phillips. 

3. A. **btilita. Halt. 

The first is restricted to the Ruling shales of Spiti, the two others have been 
obtained from the upper carboniferous beds of Kashmir. 

Besides these three species Athyrit cf. Hoyttii, Lev., and A. BudhMa have 
been quoted from the Zewan beds of Kashmir by Dr. Verchere. 

1. Athtrib Gerardi, nov. sp. Fl. VI, figs. 12, 13, 14. 

1897. Athyrit Royuii, DiiMr, ti part*, Himfoyio Fonila, P«l*©ntologi» Indict, Mr. XV, Vol. I, Pt. 4. 
Tb< (tint of iht peroian Product u» ihila of JoY.it and Painkhind*, PI. V, fig. 6 (no* 7). 

In my monograph of the brachiopoda obtained by Griesbach from the pormian 
Productus shales of Johar and Painkhanda, I identified the present shell with 
Athyrit Boyttii, Leveilh?, the materials then at my command not being sufficient to 
enable me to introduce a new species. A number of better preserved forms 
having subsequently turned up from Dr. Gerard's collections from the Kuling 
shales of Spiti, I was able to assure myself that they differ from A. Boyttii by 
some constant features. The differences, which might he established between 
them, are of a similar character to those which induoed Count A. de Keyserling 
(Wissenschaftlicbe Beobachtungen auf einer Reise in das Petschoraland, 8t. Peters- 
burg, 1S46, p. 287) to separate A. Boyttiana from A. Boyttii. 

As leading features of this species the following ought to be considered. The 
shell attains a larger size than in any of the hitherto described forma cf Athyrit. 
The ventral valve is almost perfectly flat and the dirTereno ia the inflation of the 



BRACHIOPO DA. 57 

two valves is much more remarkable than in A. Royssii or in A. Royssiana. With 
the latter species the present one agrees in the presence of an uncommonly large 
apical angle, which in full-grown individuals attains about 160°, and in the small 
size of the beak, which barely overhangs the hinge-margin. A remarkable differ- 
ence between the Himalayan and the Russian species exists, however, in the shape 
of the mesial sinus. In A. Royssiana the sinus is rather strongly developed and 
shaped into a highly prominent tongue, which is bordered by parallel margins. In 
A. Gerardi the sinus is but slightly impressed, in adolescent types of 15 mm. in 
length barely if at all perceptible, and in full grown individuals is always bor- 
dered by distinctly converging margins. 

The only two specimens, which I have been able to secure from the Produotus 
shales of Kiunglung near the Niti Pass, were in a rather imperfect state of preserva- 
tion. I consequently failed in making out their characters of distinction with 
sufficient certainty so as to feel justified in separating them from Athyris Royssii (in 
a wider interpretation of this latter species than has been admitted by L. do Kon- 
inck). The specimen, figured on PI. V, Fig. 7 of my above-quoted memoir, ought, 
however, to remain with A. Royssii. Its sub-pentagonal outline, the small size of 
its apical angle (100° only), and the presence of a well developed sinus are in favour 
of an identification with the latter species, I first thought this type to be linked 
to the true A. Gerardi by intermediate shapes, but this view I find no more tenable 
since numerous young forma of A. Oerardi from the Ruling 8hales of Spiti have 
to my knowledge, which, although approaching in their outline and in the 
of the apical angle the specimen from Kiunglung are constantly differing 
from the latter by the greater flatness of their ventral valves and by the absence of 
any distinctly marked sinus. I consequently deemed it preferable to leave this 
specimen with Athyris Royssii. 

The specimen from the Productus shales of the Chor Hoti, figured by Salter in 
the Palaeontology of Niti (p. 53, PL V, fig. 18) ought, according to my humble opi- 
nion, likewise to be identified with A. Royssii rather than with the present species. 

The measurements of a tolerably well preserved ventral valve are approxi- 
mately as follow :— 

Kctire length of tlx shell 40 mm. 

„ Wdth M m 

i of tba rental t»1t» I'S. 



My largest specimen attains an approximate length of 45 mm., corresponding to 
a width of 60 mm. 

Locality and Geological position ; number of specimens examined.— Sandstone 
partings in the Ruling shales N. W. of Po, Spiti ; Coll. Gerard ; 7- 

Remarks. — Athyris Gerardi must be added to the numerous elements peculiar 
to the fauna of the Productus shales, the large number of which imparts to the 
latter its characteristic aspect. The sandstone partings, in which this species occurs 
j ii the Ruling shales of Spiti, do not differ lithologically from the layers in which 
it has been found imbedded in Painkhanda, associated with Spirifer Moosakheylen- 
sit, Sp. Nititmis and Productus gangeticus. 

i 
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2. Athyeis cp. expansa, Phillips. PI. VI, fig. 11. 

1838. Spirijtra expanta, Phillip Geology of Yot kihire. Vol IT. p. 280, PL X. fig. 18. 
1840. Jtrfpa expaiua, Sowerby. Mineral Conchotogy, PI. DCXVI1. fig. 1. 
1840. A/rypa fimbriata, 8<.werb_v (ao* Phillip*). ibid«m, fig. 4. 

1847. .4<*yru «*7>o»ja, Dnvidwo, Monograph Britiih oarbon. Braohiopode. p. 88. PI. XVI, fig*. 14, 16-18. 
PI. XVII, fig*. 14. 

1888. Albfri, «ya«a, Krotow, Men eomitf gv!*l. St. Pe-temboorg, Vol. VI, p. 481. 

A single, rather poorly preserved specimen may be provisionally referred to 
this species. It is very transversely elliptical, nearly twice as broad as long. The 
ventral valve, which alone is accessible to observation, is very evenly convex, but 
not strongly inflated. No trace of a mesial sinus has been noticed. The ornamen- 
tation of the shell consists of numerous, concentric lines of growth, which are occa- 
sionally intersected by an indistinct radiating sculpture. 

The present specimen appears by its general shape and outline to be most 
cloBely allied to Athyris expansa. From A. subexpanta, Waagen, it is distinguished 
by the absence of any mesial sinus and of fringed lateral expansions. 

The measurements of this specimen are approximately as follows— 

Entire length of tu ventral valve ........ 23 mm. 

„ brendtb „ ni 40 „ 

„ thick nee* ., „. ...*••» 8 ,i 

Apr ill angle of the ventral valve ....... eon. 140* 

Locality and Geological position ; number of specimen! examined. — Dark, mica- 
ceous shales N. of Khuramu, near Pampur ; Coll. Lydekker ; 1. 

Remarks. — Athyrit expansa, Phill., has been quoted from the mountain lime- 
stone of England and Ireland by Davidson, and from the lower portion of the 
carboniferous limestone of Tseherdyn (Russia) by Krotow. 



8. Athyris subtixita, HalL PI. VII, figs. 1-8. 

1848. Spirxfer Ji^.rii, d'Orbigny, Voyage dane l'Amoiiqug M^ridtonale, T. Ill, 4 em* ptie, P.leoatoloei*, 
p. 76. PI. Ill, fig*. 17-19. 

1653. Tertbratula nbtilita, Hull, in Howard Stanehnry'* Report of to exploration of the valley of the Great 

Salt Lake of Utah, Philadelphia, p. 409, PI. IV, fig*. 1, 3. 
186S. Ttrebraiula nbtilita, Scliid, Paeifie Railroad Report, Vol. II, p. 108, PI. I. fig. 2. 
1SS8. T. nbtiiiU, Hall, ibidem, Vol. III. p. 101, PL II, fig. 4. 

1867. Twrtbnttda tubtilit: Davideon, Mooogra, 1 BrttUh Carb. Breeh>opoda, p. 18, PI. I, fig*. 81, 88. 
1847. Atkyru rubtilito. Davidson, ibidem, p. 86, PI. XVII, fig*. 8-10, 

1868. Tmbratnta iwbtilita, Marwm. Gookgy of North America, p. 52, PI. VI, fig. 9. 

1868. TtrebrattJa rubtilita. Hall, Report on the Geological Surrey of Iowa, Vol. I, PL 3, Pabsoat, p. 7 14. 
1861. Atkyri* tubtilila, Salter, Quart, Jocrn. GeoL Soc. Loudon, VoL XVII, p. 04, PL IV, fig. 4. 
1803. A. tmbtilita, Davideon, ibidem, VoL XIX, p. 170, PL IX, figs. A 6. 
1SS6. A. nblUita, D»vid*oo, ibidem. Vol. XXII, p. 40, PL II, fig. 3. 

1BG6. A. rmblilUa, Geiniu, Carbon formation nnd Djas in Nebraska, p. 40, Taf. Ill, fig*. 7-9. 

1867. A. fbtilit*, Yewbere, Keehmir. tbe Weatern Himalaya and th. Afghan Mta., Joum. Atfat. Soc of 

Bengal. Calcntta, Vol. XXXVI, Ft. II. No. 8, pp. 208, 210, PL II, fig*. 1, la. 
1969. Spiristra {ACkyru) nAtiiUa, Tenia, Ueber einigo Foaeilion de* Koblenlcalkea ton Bolivia, SiUnnga. 

her. Kaii. Akad. d. Vtim. Wien. matb. nat., CI. LIX. B<L, I. Abth. p. 6, fig. 6. 
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1873. AtkfrtM nbiilit*. V.-lt, Final Report of the U. S. OcoL 8urr. of Xehraika, Pt. II, p. 180 PL I 

fig. li; PL V. fig. 9; PL VII, fig. 4. 

1874. A. luhtilita, Derby (e* jMrre), on the carboniferoo. brashiopoda of Itaitdba, Bull. Cornell Uniwr.it,, 

Ithac*. VoL I, No. », p. 7. 

1875. A. tubtilii: Toala, Kino Kohleakalkfaona ron d.n BanoU luaein, SiUoDgibtr. Kaia. Akad. d 

Wiee. Wiw, matn. nat. Cl.Bd. LXX1, L Abth. p. 20. 
1877. A. tubtUita. Meek, in CI. King 'a Report of tha V. 6, Geological Riplomtioo of tho 40th parallel, 

Vol. IV, PaUnontotojry. p. 88, PL VIII, fi<r. «. 
1877. Spirigtro tubtilita, Whit*, in Wheele^e lie port upon the P. 8, Geological 8or»., Weet of the one 

hundredth Meridmn, Vol. IV, Pa!ieontolo»rT, p, 141, Pl.X, fi|£.8. 
1884. Spirigtra tubtilila. White, XIII, Annual Report of the Ooul. of Indiana, Pt. II, p. 136, PI. XXXV, 

fig.. 8-9. 

1887. Atbjrit tubtiiita, L. de Koninek, Panne da oaloaire cexbooirere de la Belgiqne. 6 Imt ptie, Annalee 
da Mneee Royal d' hi»t- nat. da Belgique, Bruiellea, T. XIV, p. 73, Pi. XVIII, fig*. 1-4, 7-10, 
12-28, PL XIX. fige. 47-56. 

1897. A. tubtilit; Prrrin Smith, Marina Poaaila from tie ooal-meaeurea of Arkanaaa, Proceed. Amer. 
Pbflue. Soe.. VoL XXXV, No. 152, p. 81. 

This species, which is one of the most abundant and widespread carboniferous 
brachiopoda, has been quoted from the Barus or Zewan beds of Kashmir by Prof. 
Davidson in 1866 and by Vorohere in 1867. The correctness of this identification 
has been doubted by Waagen (Salt Range Foss., Pal. Indioa, sor. XIII, Vol. IV, 
Geological Results, p. 165), who united the Himalayan species with Spirigerella 
Derbyi, Waag. This latter view has not, however, beon confirmed by my subsequent 
examination of a considerable number of types, collected by Godwin-Austen, 
Verchere and Lydekker in tho carboniferous strata of the Kashmir Valley. In none 
of these specimens fa the beak of the ventral valve firmly appressed to tho apex of 
the dorsal one, but always distinctly exhibits the moderately lar«e foramen truncating 
its extremity. In the list of synonym* of Spirigerella Derbyi, given in my momoir 
on the permian Productus shales of Johar and Painkhanda (Pt. IV of the present 
volume), these Kashmir shells have been quoted on the authority of Waagen. This 
view I find, however, no more tenable. 

My specimens agree almost perfectly with some of the best figures which have 
been published up to the present of the American types of Athyrit tubtilila by 
Geinita and Meek, and of the European ones by L. de Koninek. 

The ovoid shell is, as a rule, longer than wide, its greatest width being situated 
a little in advance of the middle. The ventral valve is somewhat tapering at the 
beak, which fa prominent, distinotly incurved and always pierced by a moderately 
large foramen. In the majority of my Kashmir specimens the two valves are almost 
equally convex, but not vory strongly inflated. As has been noticed by L. do 
Koninek in some Belgian types of Athyrit tubtilita, the inflation occasionally 
becomes so strong that they can barely at all be distinguished from A, globularit, 
Phill. Among my Himalayan specimens a similar sliape never occurs. None of 
them is decidedly gibbous, not even in adult a$e. A mesial sinus is nearly always 
present, but indicated only by a low median impresdon, which originates in the 
visceral region of the shell and corresponds to an elevated convex curve in the 
front margin. A distinct tongue-shaped process, corresponding to this frontal wave, 
so conspicuous in Spirigerella Derbyi, Waagen, especially in the par. aoutepticata. 
is but rarely developed. 

it 
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On the dorsal 6ide of the ventral valve, laterally from the beak, a narrow 
false area extendi* to the end of the hinge-line. It is marked off from the remainder 
of the shell by indistinct ridges. 

The dorsal valve is not quite equally curved in the transverse direction but 
is of a somewhat roof-shaped appearance, sloping from a broadly rounded median 
crest in moderately convex planes towards the lateral margins. The beak is 
strongly incurved under that of the opposite valve. 

The surface is nearly smooth or covered with irregular, concentric stria; of 
growth only. In the majority of my specimens, however, the shell substance has 
been too strongly injured by weathering to allow anything of tho minor details 
of its ornamentation being noticed. 

The measurements of a fairly complete specimen (fig. 1) are as follow :— 



Entire length «{ tbe •hell 2.V5 mm. 

Length or th* dental t»Ith ... ...... 28'S „ 

Entire breadtb of the tbrll H „ 

ThickueM of both n\rt* 16 ,, 

Apical angle of the ventral rahre 81° 

„ „ ,. donal „ 96" 



Of the internal structure nothing is to be made out in any of my specimens. 

Locality and Geological position; number of specimen* examined. — Coarse, 
grey limestone, north of Khummtiu, near Pampur, Kashmir Yalley ; Coll. Lydekker, 
9; Coll. Godwin- Austen, 5; Zawoor, Kashmir Valley, Zewan beds, Verchcre. 

Remarks — Athyris subtilita is a very common and widespread species, 
ranging throughout tho entire carboniferous system into pcrmo-carbdniferous and 
perhaps even into still higher permian deposits. It has been quoted from the 
United States of North America, from Nova Scotia, Bolivia, Brazil, "Western 
Europe and Barents Island by various authors. 

Meek advocates the identity of Athyris svbtilita, Hall, with a shell from 
the upper coal-measures of Illinois, which had been described as Terebratula argenteo 
by Shepard in 1838. The figuro given by that author in the American Journal of 
Science (Vol. XXXIV, fig. 8) does not however agree with adult forms of 
A. subtilita. 8hepard's original type not having been found up to present, its claims 
of priority to the name of that species are as yet very uncertain. Meek's question, 
whether the present shell ought not to be called A. Peruviana, because A. d'Orbigny 
figured it in 1817 under the name of Terebratula Peruviana, must also be 
answered in the negative. Tho name Terebratula Peruviana has been given 
erroneously in the Plato of d'Orbigny's monograph, whilst in the text it is applied 
to a very different species from devonian rocks (Voyage dans l'Amdrique Mcridio- 
nale, T. Ill, Paleont. p. 36, PL II, figs. 22-25). 

Spirifiera protea v»r. subtilita, Abich (Geologische Foruschungen in den 
Kaukasischen Laendern, I,Th. Fine Bcrgkalkfauna aus der Araxesenge bei Djulfa, 
p. 59, Taf. VIII, ti«;s. 10, 11) has nothing to do with the true Athyris subtilita, 
as has been remarked by Val. von Moellcr and by Eothpletz. 

A species which is probably very closely allied to the present one has been 
described and figured as Athyris Buddhista by Dr. Verohere (I. c. p. 210, PI. II, 
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figs. 2, 2a, 2b). This species, which has been collected in the Zewan beds of 
Kashmir, seems to differ from A. tubtilita by its strongly attenuated apical region 
and by the presence of a sharp median fold in the dorsal valve. No specimen 
resembling Dr. Yerchere's illustration has come to my notice. Provided this 
illustration be correct, Athyrii Muddhista should be considered as an independent 

Family : SPlRlPERlDAi, d'Orbigny. 
8ubfamily: SUESSIINjB, Waagen. 
Genus: SPIRIFERINA, d'Orbigny. 
L 8PIRITBBINA cr. K kn rrcK i:\-sis, 8humard. PI. V, figs. 11, 12. 

1852. Spiriftr tetopliartms. Hal, in Howard WlBilMj'i Report on the Exploration of tie Volley of the 

Great S*lt Lake in Utah. p. 400. PI. XI. fig. 1 
1 Spiriftr A fniMftrntit, Shnir-ard, Geologioal gorwj of M ieaoari, p. 90S. 
ISM. 3piry*r Kent»ck4iuii, Hall, PusiSe Railroad Report, Vol. Ill, p. 103, PI. II, figi, 10, 11. 

1866. Spirtfir lamiuotm: Genitt {mon Ji'Coj), CarbonforiDntion und Djm in Nebmaka, p. 46, Taf. IT, 

fig. 19. 

1867. 8pir\ftra wtoplieata ror. tranmna, Tmhere, Kaehmir, the We«t«rn Himalaya and the Afghan 

Mte. Joorn. W. Sot. of Bengal, Calcutta, Vol. XXXVI, VI 2. p. 810, PI. I. fig., f, 2a, Ji. 
1872. Sttrifiri** JTenraeW.. Moek, P.l-ontolo«, of Eaeten, Hahraek. in Find Rep. npon the U.& 

Geo). 8arr. of Nebrnekn, p. 185. PI. VI, fig. 8, fL VII I, fig. 11. 
1877. Sp. Senttirktutif, White, in Wheelere Report npon U. 8. Geological Snrreji W. of the one ban- 

dredth Meridian. VoL IV. Palaeontology, p. 138. PI. X, fig. 4. 

Numerous casts and external impressions of dorsal valves of a strongly trans- 
verse Spiriferina have been collected in the Zewan beds of Kashmir both by Capt.' 
God win- Austen and by Dr. Verchere. Curiously enough, dorsal valves only are 
represented among the materials available to me for examination. 8ome of them 
whioh are tolerably well preserved, though none is complete, closely resemble 
Spiriferina Kentackemi* from the North American coal-measures. I consequently 
thought it advisable to refer them provisionally to that species, although I do not 
venture on a direct identification, having regard to the absence of any ventral 
valves among my materials. 

Among four better preserved dorsal valves two are quite as large as the speci- 
men from the coal-measures of Nebraska, figured by Meek on PI. VI, D>. 3 of his 
above-quoted memoir. They are very strongly transverse, of a sub-fusiform shape, 
terminating in slender attenuated ears. The hinge-line corresponds to the greatest 
width of the shell. On each side of the mesial fold from three to five simple pro- 
minent ribs are distributed. All the ribs are slightly rounded on their crests and 
separated from each other by deep V shaped valleys, which are sharply rounded at 
the bottom. The first plications on each side of the mesial fold are but slightly 
inferior in size to the latter. 

The surfneo is ornamented with very numerous prominent and closely- 
crowded lines of growth. This concentric sculpture is so strong as to hide almost 
completely the granulated structure of the shell substance. 
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Of the ventral valve the impression of the beak and area only are preserved 
in one of my specimens (PI. V, fig. 12). In this specimen the greatest width of the 
dorsal valve is 24 mm., corresponding to a length of 11 mm., and to a length of the 
entire shell of 13 mm. 

Locality and Geological po$U ion ; number of ipeciment examined.— Zewan beds, 
Kashmir Valley ; shales and micaceous limestones with numerous Bryozoa, Spir\fer 
Mutakheylentie, Derbyia cf. eenilit, etc.; Coll. Godwin-Austen, 4 ; Coll. Verobere, 2. 

Remark*.— Among all the hitherto described species of Spiriferina there is 
only the present one to which my specimens from Kashmir may be advantageously 
compared. The sub-fusiform shape and the strong concentric ornamentation clearly 
distinguish them from Spiriferina erUtala, Schloth., and Sp. octoplicata, Sow. They 
likewise differ by their sub-fusiform shape and long hinge-line from Sp. intculpta, 
Phill., and Sp. ornata, Waag., with which they have the distiuct concentric orna- 
mentation in common. The only European species, which my Kashmir forms 
resemble more closely, is Sp. peracuta, de Koninck (Faune du calcaire carbonifere 
de la Belgique, Aunales du Musee Royal d' hist nat., T. XIV, 6 erne ptie., p. 101, 
Fl. XXII, figs. 56-61) from the mountain-limestone of Bolgium and Iceland. A 
remarkable difference consists, however, in the larger size of the dorsal median fold 
in Sp. peracuta which, according to L. de Koninck's description, is twice as large 
as the neighbouring lateral ribs, whereas it scarcely surpasses them in size in my 
Himalayan shell. 

Spiriferina laminota, M'Coy, which has been erroneously identified with Sp. 
KenluckenHt, by. Geinitz, is easily distinguished from the latter by ita much larger 
size and the broad area of the ventral valve. 

The shells described and figured as Spiriferina octoplicata var. tranacerm 
by Verehere, will probably fall within this species. I am led to this conclusion, 
which might scarcely be drawn from Verchero's exceedingly bad figures, by the 
examination of two specimens collected by that author in the Zewan beds of the 
Kashmir Valloy. 

As one of the chief characteristics of Spirtferina Kentuckemi* lies in tho shape 
of the siius of the ventral valve, tho reference of my specimens, which are dorsal 
valves only, to this American species, must yet remain provisional. 

Spiriferina Rentuckemie is a common species in the carboniferous and permo- 
carboniferous strata of Kentucky, Illinois, Missouri, Iowa, Nebraska, Kansas, Utah, 
New-Mexico, Arizona and TexaB, hut does not descend into beds of sub-carboniferous 



Sub-family: DELTHYRINAE, Waagon. 
Genus: SPIEIFER, Sowcrby. 

The genus Spirifer is rather richly represented in tho anthracolithio system 
of Kashmir and SpitL Not less than ten species are counted among the materials 
examined by Prof. Dav idson and myself, although one-half of this number only are 
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sufficiently complete to allow of a satisfactory diagnosis of their specific characters 
being given. 

These species may bo grouped most conveniently in the following i 



X, Group op Spibipbb risciou, Keyaarl. 
1. Spirifer Mmtakkeylentit, Daridaon. 
i. Sp. tp. Ud,, •/. Mmtthket/lentit. 
3. Sp. Ateentit, Diener. 



II. Group or Smim tbioosaus, Mart. 
4. Spirifer ef. TrianguUrit, Martin. 

III. Group op Spibipbr ruiouis, Sowerby. 
6. Spirifer fikiamut, Davidson. 

IV. Grocp op Spiripbb Rajah, Salter. 

6. Spiriftr Kojal, Salter. 

7. Sp. tp. ind., aff. Bajak. 

V. Grout op 3piritbb Clabkii, da Koo. 

8. Spirifer Lfdtlieri, nor. sp, . 
0. Sp. tp. ind. fx. off. Lydckktri. 

VI. Group op Spiripbb Alatus, Scliloth. 
10. Spirifer K**kn*rit**it, Davidson. 

Of all these species eight are entirely restricted to the anthracolithic rocks of 
the Himalayas. Among them Spirifer Lydekkeri and its allies are of a special 
interest, on account of their relationship to the Australian Sp. Clarkti, whilst Spirifer 
Bojah exhibits a close affinity to Arctio types from Spitsbergen Two species only 
occur also in the carboniferous system of Europe; these are Sp. Htuakheylentis and 
Sp. tria»gularii, while a third one, Sp. mhiantu, is very closely allied to the 
European Sp. pinguis. 



I. Group op Spiriprr pasciger, Ketserliug. 



L Spiriper Mcsakhrylensis, Davidson, PL V, figs. 3—7. 

1862. Spiriftr MootakhtyUniu, Daridun, Qatrt. Joor. GmI. Bm , London, Vol. XVIII, p. 29, PL II, dr. 2. 

To the list of synonyms, given in Part IV of the present volume, the following 
ought to be added :— 



1867. Sp. 31oo. a a»»;«wi». VeKhdre, J«ra. Aii»t Soe. of Bengal. Vol. XXXVI, PI. % p. 210, PI 111, 
fig.. 1, 1*. 

1890. Sp. M*taikt,U*tit Mr. —tlralit, Foord, Note, on th. PateootoUtfj of Wertern 

(III. Vol VII. p. U7.P1.VII, fig. 2. 



This species is very common, both in the Zcwan beds of Kashmir and in the 
Ruling shales of Spiti, but no complete specimen has been noticed among the 
materials available to me for examination, ventral and dorsal valves being nearly 
always met with separately. 



Digitized by Google 



64 



HIM ALA TAN FOSSILS 



To the detailed description of the specimens from the Productus shales of 
Johar and Painkh&nda I have hut little to add. 

In spite of the great variability of the shapes there is not a single one among 
my specimens from the anthracolithio rocks of Kashmir and Spiti which agrees with 
either Spiriferfatciger, Keyserling, or with Sp. tegulatus, Trautschold. The folds, cor- 
responding to the fasciculi of ribs, are invariably rounded but never provided with 
acute edges, as in Grucnewaldt's and Tschernyschew's type specimens of Sp. fatciger. 
The lamellose character of the striae of growth is distinctly developed in the majority 
of my forms, but the peculiar sculpture of Sp. Ugulalus, reminding one of a tiled 
roof, has not been noticed in any of my Indian representatives of this group. Home 
of my specimens from the Kuling shales of Spiti agree perfectly well with the type 
from the Productus Bhales of Kuling, figured on PI. V, fig. 1 of Pt. IV of the pre- 
sent volume by the unusually flat convexity of their folds. 

The specimens from the Kuling shales of Spiti attain very considerable dimen- 
sions, the largest specimen collected by Dr. Gerard measuring about 60 mm. in 
length and 130 mm. in breadth. 

Of the internal characters of the ventral valve of tin's species some information 
has been gathered by an examination of the casts figured on Pi. V, Figs. 5 and 7 of 
the present memoir. In the apical region the shell-substance is so extremely 
thickened that the dental plates and the outer walls of the valve are united into 
one solid shelly mass, on which the entire area rests. The muscular impressions are 
distinctly marked. On each 6ide of them the internal surface of the shell is covered 
with numerous irregular grooves, which on the cast are exhibited as rounded granu- 
lations. The ornamentation of the cast is very simple, consisting of a few broad 
and flat wavy folds only, while the ribbing of the external shell-surface is completely 
absent. 

Locality and Geological petition ; number of ipecimen$ examined. — Zewanbeds, 
Kashmir Valley, Coll. Godwin- Austen, 6, Coll. Lydekker, 1 ; Kuling Shales, Spiti 
Valley, Coll. Gerard, 3, Coll. Stoliozka; Khar, Coll. Griesbach, 1. 

Remarks. — The specimen from the carboniferous rocks of West Australia, 
described and figured as Spiri/er Musekheyletnit ear. Juitralis, by Foord, does cer- 
tainly belong to the present species. Foord, stating the close resemblance of the 
Australian fossil to Davidson's types, note* the only difference between them 
to be that M the ornaments of the Australian species are perhaps a little coarser 
than those of the Indian one, i.e., the former has slightly larger and consequently 
fewer small ribs (comparing together individuals of the same size) than the latter and 
the imbricating lam Hue exhibit the same divergence of character. It seems however 
scarcely necessary to rtgard these slight differences as of more than varietal import- 
ance, especially if one takes into account the variations in any large assemblage of 
brachiopods, as Davidson himself has so often demonstrated in his plates". 

That the Australian variety is included among the variations of the Himalayan 
Sp. JU»$akheylen»i>, is clearly evident from an examination of the specimen from 
the Productus shales of Kiunglung, figured on PI. TV, Fig. 1, of my monograph of 
the fauna of the Productus shales (Pt. IV of the present volume). 
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This specimen exactly agrees with the Australian type of our species by its coarse 
ribs and lamellae. 1 

2. 8pikitbb cp. Nitiensis, Dienor. PI. V, fig. 9. 

1897. 8pirtf*r Mtit -•• i#, Dienor, The IVrmUn f anna of the Produotua Shale, of Joker and Patnkhunda, 
Pel India, i«r. XV, HimaJaran FomU, Vol. I, Ft. 4, PI. IV, fi«i. 4. 6. 

The fragment of a ventral valve from the Kuling shales of Spiti agrees so per- 
fectly well in its outline and ornamentation with this remarkable species that I 
do not hesitate to refer it to tho latter, although its fragmentary condition may for- 
bid a direct identification. 

This fossil is almost of exactly the same size as my type specimen from 
Kiunglung (PI. IV, fig. 5), though perhaps eren a littlo more strongly transverse. ■ 
It is moderately curved in tho longitudinal, but quite flat in the transverse direc- 
tion. Its tolerably broad, reclining, parallel-sided and verticallystriated area is 
overlooked by the little pointed beak. The ornamentation consists of numerous 
ribs of unequal strength, arranged into fasciculi, each of which is composed of a 
small number of ribs only. On tho wings the fascicular arrangement of tho ribs 
becomes gradually indistinct. All the ribs are flatly rounded at their crests. 

Locality and Geological position; number of specimens examined. — Sandstone 
partings in the Kuling shales, with Athyri* Oerardi, To, Spiti Valley ; Coll. Gerard ; 
1. 

Remarks. — Spirifer Nitienri* is a very characteristic species of the permian 
Productus shales of Gurhwdl. I know of no other species of tho genus Spirifer 
to which the present fragment oould bo roferrod, its peculiar ornamentation oom- 
bined with the strongly fusiform shapo distinguishing it from all the rest of con- 
generic forms. 

8. Sri it ii KIL SP. IKD. APP. MTJSAKHEYLBNSIS. PI. V, fig. 10. 

This interesting species, which in tho Geological Survey's Himalayan collection 
from Kashmir is represented unfortunately by a singlo ventral valve only, seems to 
hold an intermediate position between Spirifer Musakheylensis, Davidson, and Sp. 
Joharensis, Dioner (Part IV of this volume, PI. IV, Fig. 3) from the permian Pro- 
duotus shales of Johar, but is more closely allied to the former. 

It chiefly differs from Davidson's species by its stronger folds which are highly 
prominent and composed of a small number of secondary ribs only. There are not 
more than three ribs present in each of tho fasciculi in the vicinity of the sinus. 
Among them the median primary rib is a littlo stronger than the rest. The sinus 
not having been proscrvod in my fragment, I have not been ablo to state the pre- 

' P. 8.— Aftor baring eent thU paper to Catenttn for tho pre** I had an opportunity of etodjing tho beautiful ool- 
Iretiom of tho Comite goologiqoe do la Kouio at St Petertbargb, Prof. T«ch..rnjiehew, to whom I am indebted for 
v.Mnx valuable information rrrarding Uio oarbooiferons falM of the Ural Mta., waa kind enoogh le ebow me a large 
n amber of ipeciineue of Spirtfir fatieijir, Keyeerl. Bv their examination I have been convinced of the inmttcimcy 
ef the charaeUie on wbieh 1 thought a epeei&e diitinetion of 8j>. MutakktyUnni and Sp.faicigtr might be baaed ; 
oaae*ioently I no longer object to Prof. Terheroyeehew"e tiew aa to too ideality of tho two ejeeioa. Por the o#r. 
Us «-■• -u, Traotaeheiu. a earietal rank ought, however, to be retained. 
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sence of a mesial fold, as it is developed in Sp. Joharenais. The radial ornamenta- 
tion is crossed by raised stria) of growth as in Sp. Musakheylensis. 

The present specimen is too fragmentary to allow of any exact measurements 
being taken. 

Locality and Geological position ; number of specimens examined —Dark, shaly, 
micaceous limestones with Spiri/er Musakheylensis, Productus qf. undalus and 
numerous Bryozoa, Barus, Kashmir Valley ; Coll. Godwin-Austen ; 1. 

Remarks. — A species, which the present specimen most closely resembles, 
has been figured and described by Toula (Permo-Carbon-Fossilicn von der "\V~ost- 
kuestevon Spitzbergon, Neues Jahrb. f. Mineralogie, 1875, p. 240, Taf. VII, Fig. 3) 
as a variety of Sp. cameratus, Morton. Tho Spitzbergon specimen from Axel Island 
* for the loan of which I am indebted to Dr. Fuchs, Director of the Imperial 
Museum of Natural History in Vienna, is likewise distinguished from Sp.cameratus 
and from Sp. Musakheylemis by its strong folds, composed of a small number of 
secondary ribs only, as has been correctly remarked by Toula. Nevertheless I 
do not think that the Himalayan and 8pitzbergen forms should bo United in 
the same species, since the ribs composing the fasciculi are equally strong in 
the latter but different in size among one another in the former specimen. 

The fragment, figured as Spirifer sp. ind. by Gruenewaldt (Beitraege zur 
Kenntniss der scdimentseren Gobirgsformationen etc. M<5m. Acad, imper. des sciences 
do 8t. Petersburg, VII, ser. T. II, 1860, p. 99, PL, V, 15 S . i) might perhaps fall 
within the relationship of- this species or of Spirifer Joharensis. 



II. Gbotjp op SPIRIFER TRIGONALIS, Mart. 
4. Spieifbr cf. triangularis, Martin. PI. V, fig. 5. 

1909. CouekilMithts Anemitt, triangularis Martin, Petrif. Derb.. p. B>, PI. XXXVI. fig. 2. 
1827. Spiriftr triangularis, Sowerby, Min*r. Conch. Great Brit., Vol. VI, p. li'O, PL 562, fig«. 6, 6. 
1836- Spirifer triangularis, Phillip*, Geology of Yurk»htre, Vol. II, p. 217. PI. IX. fig. IS. 
1840. *>. triangularis, h. r. Buck, Ma. So*. GeVl. de Franco, T. IV, p. 1&2. PI. VIII, fig. B. 
1843. Sp. triangularis, L. <!• Koniuck, llt-acr. dr* auimntii foot, du terrain oarbonif. de la Bw^iqne, 
p. 234. VI XV, fig. 1. 

1814. Spirifera otiorhyncia, M'Coy, Synopaii of tb. eharacter. of the carbon. limestone fmi. of Ireland, 

p. m, pl xxi. fig. a. 

1864. Sp. triangularis, Semenow. ZeiUcbr. Deubwhe GeoL Gen. Bd. VI, p. 830. 

1854. Spiriftra otioriuneia, M'Coy. Deecr. of Britiah PaUooioic, Pom. in tho Cambridge Muwcm, p. 118, 
PI. Ill, 6*. 27. 

1857. Sp. triangularis, Daridaon, Monogr. British Carb. Braehiopoda, pp. 27 and 233, PI. V, fig«. 16-24, 
PI. L, fig.. 10-17. 

1887. Sp. triangularis, L. dc Koninek, Fanne da Calc. oar boni fere de la Belgique. Amulet do Mueee Royal, 
. d hUt nat. do Belgique, T. XIV, 6 eme ptie., p. 124, PI. XXIX, fig*. 7-15. 

1888. Sp. triangularis, Krotow, Htm. Com. Geol. de la Buaiie, St. Foterabourg, VoL VI, p. 418. 

The existence of this as a Himalayan species depends upon a fragmentary 
dorsal valve, ccllccted by Lydekker in a quartzitic sandstone near Eishmakam 
(Kashmir Valley). In shape it is very like some of the types figured by Davidson 
and L. de Koninck, but slightly surpasses them in size. It is about twice aa broad 
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as long, although exact measurements cannot be given, both the wings and the 
frontal portion of the mesial fold having been broken off. The most prominent 
character in the present valve is its strongly elevated, sharp, mesial fold, which 
" assumes the shape of a single, produced and acutely angular, cuneiform ridge or 
rib." Along tho lateral slope of this central ridge two very low secondary folds are 
distinctly indicated, such as have been figured by L. do Koninck in his type 
specimen from \is& (PI. 29, fig. 7), or in Martin's original form, reproduced on 
PL V, Fig. 16 of Davidson's monograph. 

On either side of the mesial fold from six to seven single, obtusely rounded 
ribs ornament the lateral portions of the valve. They gradually diminish in 
strength towards tho wings. Those situated near the extremities of tho latter are 
but very faintly marked. 

My specimen having been partly injured by weathering, the delicate 
concentric ornamentation, which is peculiar to well preserved forms of Spirtfer 
triangularit is but indistinctly marked. Nevertheless in a few spots it is sufficiently 
well indicated to allow its presence to be stated with full certainty. 

Locality and Geological position; number of tpecimetu examined. — Quartzitic 
Bandstono of a rusty brown colour, near Eishmakam, Kashmir Valley ; Coll. Lydek- 
ker; L 

Remark*.— The present specimen, although very incomplete, so closely agrees 
with Spiri/er triangularit in its general shape and sculpture, especially in tho pre- 
sence of a prominent, cuneiform, mesial ridge, that I cannot refer it to any other 
species of the group of Sp. trigonalit. It will at any rate tend to show the existence 
of this romarkablo group in the anthracolithic rocks of the Kashmir Valley. 

Spiri/er triangularis has been quoted from tho mountain-limestone of Great 
Britain, Ireland, Boligum and Silesia by various authors, and from the upper car- 
boniferous strata of Central Russia by V. von Moeller and by Krotow. 

III. Gboth* of SPIRIFER PINGUIS, Sowerby. 
5. Spirifer Vihianus, Davidson. 

1840. Spiriftra Vihiuna, Davidson. Quirt Jooro. Oool. So.--. London, Vol. XXII, p. 41, PI. II, 6g. 4. 
1991. *>. Viii j .li, Wugeo, Salt K»n K * FnMtb, Pal. Ind., tar. XIII, Vol. IV, Geological Remit*, p. 166. 

This beautiful species is, unfortunately, not represented in tho Himalayan col- 
lection entrusted to me for examination, but tho figure and description given by 
Prof. Davidson are so excellent that from them a very good idea of its character 
can be formed. 

Davidson himself compared his now species to Spiri/er pinguia, Sow., from which 
he found it to differ by its constant, well marked, median rib in the sinus of the vent- 
ral valve. Tho resemblance of Sp. Vihianu* to this common British form is indeed 
a very closo one, especially to such shapes of Spirifer pinguit as are characterised 
by the presence of ft strongly marked, longitudinal groove in the mesial fold of 
the dorsal valve. 

K 2 
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In the face of such features, Waagen's opinion " that Spirifer Vihianut appar- 
ently belongs to the same group of forms as Spirifer duodecimcoatatus, M'Coy, and 
appears to differ from that form solely by its greater number of ribs," has hardly 
ever been admissible. It is certainly no more tenable, since M'Coy's Australian 
species has been proved to belong to the genus Spiriferina by Ethoridge, jun. 
(Geology and Paleontology of Queensland and New Guinea, London, 1892, p. 234). 

A species, which needs a closer comparison to .$>. Vihianut, has been described 
and figured as Sp. Parryanut by Toula (Permo-carbon-Fossilien von der Westkueste 
von Spitzbergen, Neues, Jahrb. f. Minor. 1875, p. 256, Taf. VII, fig. 8) from Hinlopen 
Straits in Spitzbergen. Tho name of this Spitzbergen shell must, however, be 
changed, since the priority of tho denomination of Sp. Parryanw is claimed by a 
species from the devonian rocks of Iowa, described in 1858 by J. Hall (Report on 
Geological Survey of Iowa, VoL I, Pt. 2, Palaeontology, p. 509, Pt. IV, fig. 8). 
This species, for which I venture to propose the name of Sp. Loveni, seems to hold 
an intermediate position between Sp. Vihianut and tho group of Sp. Bajah, Salter. 
With the former it agrees in the presence of a deep longitudinal groove in the mesial 
fold of the dorsal valve, with the latter in the tendency to develop secondary ribs, 
originating from the massive primary costae. But in Sp. Loveni this tendency 
atfects the two ribs bordering the mesial sinus and fold only, whereas in the two 
following costao it is restricted to the immediate vicinity of tho front margin. 
Whether the dorsal valve, marked erroneously as Pig. 7 instead of Bd on PI. VII of 
Toula's memoir, actually belongs to the same species as the three ventral valves 
which by the kindness of Director Fuchs I have boon able to examine, is yet doubt- 
ful, though highly probable. The reconstruction of the wings (not preserved) by the 
draughtsman is entirely misleading. 

The specimens described by Davidson were obtained from the anthraoolithic 
rocks of Barus in the Kashmir Valley. 



IV. Geotjp of SPIRIFER RAJAH, Salter. 
6. Spieipkr Rajah, Salter, PI. IV., Figs. 1-7, PL V., Fig. I. 

1865. Spirifer Bajah, Salter, Paleontology of Niti. »tc.. pp. 69 .nd 111. 

1864. Sp. KrUharii, Stolictka, Geological Section* acron tbe Himalaya MU. from Wangtu bridge oo the 
Hirer Sntlej to Sungdo on tbe Indus, etc, Mem. GeoL Suit, of India, Vol. V, Pl I, p. 27. 

ISM. Sp. Rajah, Daridann, Quart. Journ. Geol. Soo., London, VoL XXII, p. 40, PL II, fig. s. 

1667. Sp. Vereherei, de Verneuil, in Varobere : Ka»bmir, the Wcitera Himalaya and Ue Afghan 41U. Jot™ 
A.i.tic Soc of Bengal. C&kutta, VoL 36, p. 205. Pl. I, fig*. 1, la. 

1867. Sp. Rajah, Ventre, ibidem, p. 810. 



i elegant species, one of the most remarkable among the brachiopoda of the 
anthracolithic system in the Himalayas, is very variable in shape, dimensions and 
relative proportions. The shell is, as a rule, longitudinally oval, or square-shaped 
sometimes sub-circular, as wide as long, very rarely even broader than long. The 
hinge-line is always shorter than the greatest width of the shell. The cardinal 
angles, whioh are but exceptionally preserved, are acutely rounded. 
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The ventral valve is considerably deeper than the opposite one, and strongly 
vaulted in tho either direction. The beak is strongly incurved and prominent, 
in full-grown specimens (PL IV, Pig, 6) approaching very nearly the apex of tho 
dorsal valve. The area is moderately broad, distinct, concave and divided in the 
middle by a proportionately large, triangular fissure of equal height and width. It 
exhibits in well-preserved specimens an indistinct horizontal striation. A deep 
mesial sinus extends from the extremity of the beak to the front. It is in general 
broadly rounded, but in a very small number of specimens, however, acutely so, at 
its bottom, and is invariably ornamented by a narrow, median, thread-like rib. 

Tho sculpture is rather variable. The surface of this valve is ornamented with 
from twelve to twenty broadly rounded ribs, which become gradually indistinct in 
the vicinity of the cardinal angles, whilst those bordering the mesial sinus are the 
largest and most prominent. Each of these flat broadly-vaulted primary ribs is 
ornamented by a variable number of lower, secondary costac. In some forms, 
as in Davidson's type specimen or in the types figured on PI. IV, Figs. 1 and 7 of 
this memoir, these secondary costae are of equal strength and equidistant throughout 
their entire length. In the majority of my specimens, however, one or two of the 
secondary costtc are again sub-divided into smaller ones of irregular strength and 
distance. The specimen figured on PL IV, Fig. 4, is a good instance of this shape. 
The manifold transitions between these two extreme shapes prove their specific 
identity ; an opinion, which I have founded on the minute examination of more 
than fifty individuals. 

If the shelly substanco has been partly injured by weathering, the secondary 
costaj gradually disappear, the fiat primary ribs remaining solely. On such 
weathered specimens Spirifer Verchere* has been founded, which must conse- 
quently be erased from the number of independent species. Among the forms 
collected by Dr. Verchere and contained in the Geological Survey's Himalayan 
collections, there are several which agree pretty well with the illustrations of Sp. 
Veroherei given by that author, but are certainly nothing else but strongly- 
weathered individuals of Sp. Rajah. 

The dorsal valve is leas strongly convex than the ventral one. It is almost 
equally curved in tho longitudinal direction on its lateral parts and along tho 
median fold. A narrow but distinctly developed hinge-area is noticed below the 
tolerably prominent apex. The mesial fold is considerably elevated and shaped 
into a single, acutely rounded crest. At some distance from tho apex smaller 
lateral ribs are produced on either side, which in larger specimens become again 
sub-divided before reaching the front line. Tho lateral parts are likewise ornamented 
by rounded folds, simple at their origin, but soon producing on either side a 
smaller lateral rib, which is either single or dichotomous but always inferior in 
strength to the main rib. Tho intercostal depressions are regularly rounded. 

In weathered specimens, in which the details of the sculpture are lost, the 
ornamentation consists of simple coarse radiating ribs only, as in the type figured 
as Sp. Vercherei by Verchere (J. c. Fig. la). 
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In perfectly preserved individuals the surface is marked on both valves with 
very delicate longitudinal stria?. The radiating sculpture is crossed by indistinct 
marks of growth of greater or lesser strength at irregular distances. 

The internal characters of the ventral valve are well exhibited in several of my 
specimens. The hinge»teeth are supported by two large diverging dental plates, 
forming the walls of the triangular fissure and extending into the interior of the 
valve for some distance. Between them a large portion of the free space at the 
bottom of the shell is occupied by the muscular impressions. On each side of the 
muscular impressions the interior of tho shell is covered by numerous coarse 
granulations. 

Tho measurements of a pretty largo specimen (PI. IV, fig. 5.) are as follow :— 

, . AS mm. 
. SI ., 
.«•.« „ 

so „ 

• . • . 43 „ 
88* 

. . . . 125' 

Locality and Geological position ; number of specimens examined.— Kuling 
6hales of Spiti, associated with Marginifera Ehnalayentis, Kuling, Coll. Gerard, 12, 
ColL Stoliczka, 10, Coll. Griosbach, 3 ; Muth, Coll. Stoliczka, 2 ; Lilang, Coll. Stoliczka, 
6; Spiti Valley (exact locality not known), Coll. Gerard, 9. All the forms from 
Kashmir, contained in the Geological Survey's Himalayan collection, are loose 
specimens. The majority, 21, have been obtained from Barus by Capt. Godwin- 
Austen. The exact locality, where the specimens collected by Dr. Verchere (6) and 
by Lydekker (9), were picked up, has not been given on the accompanying labels. 
It cannot therefore be made out with certainty whether the species actually occurs 
in the Zcwan beds, or is restricted to the beds with Productus Abichi and 
Marginifera Mimalayentis, corresponding to the Kuling shale9 of Spiti, although 
the section, published by Capt. Godwin-Austen on p. 33 of his memoir on the 
carboniferous rocks of the Kashmir Valley (Quart. Journ., Gcol. Soc., London, 
Vol. XXII.) is strongly in favour of the former view. 

Remarks. — Sjririfer Safah belongs to a very remarkable group of this genus, 
which is distinguished by the presence of coarse fasciculate ribs, and seems to 
exhibit a distant similarity to Sp. integricosta, Phill., among the mountain limestone 
forms of Western Europe. This group is represented by Sp. Tatmaniensis, Morris, 
in Australia, by Sp. interplicalus, Rotbpletz, in Timor, by Sp. Tibetanus, Sp. Rajah, 
and a third yet very incompletely known species in tho Himalayas, by Sp. Keilhavii, 
v. Buoh., Sp. Loveni, Diener {=Sp.I>arryanus, Toula) and Sp. Wilczeki, Toula, in 
Spitzbergen. 

Among these species Spirifer Keilhavii, v. Buch (Ueber Spirifcr Keilhavii 
fiber desson Fundort und Verhoeltnisszuahnlichcn Formen, Abhandlgn. Kcenigl. 
Akad. d. Wissensch. Berlin, 1876, p. 65) seems to be most closely related to the 
present one. In general shape and sculpture they are indeed very similar, although 
points of difference forbidding their identification are not absent. These characters 



Entir? length of trio "hell 
Length of the dorsal valve 
Gr<*U'»t breadth of the atell . 
Length of the hinge-lino . 
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Digitized by Google 



BRACniOPOUA. 



71 



chiefly consists in the absence of a median thread-like rib in the sinus of Sp. 
Eeilharii, and in the shape of the mesial fold of the dorsal valve. Tuo latter is 
divided in the middle by a broad and shallow longitudinal depression or groove, 
whereas it is shaped into a sharply -rounded crest in Sp. Rajah. 

Another species, which closely approaches the present one, is Spirifer Tibetanus, 
Diener (Ft. Ill, of this volume, PI. VI, Figs. 1—7,) from the permo-carboniferous 
limestone crag of Chitichun No. I, in Hundes. It is, however, readily distinguished 
from Sp. Rajah by its short hinge-line and area, which is much more triangular and 
broader in proportion to its width. In its ornamentation Sp. Tibetanus chiefly 
resembles such shapes of Sp. Rajah as are characterised by the irregular 
strength of their secondary ribs (PL IV, Fig. 4), but the diehotomous charaotor of 
the dorsal modian fold in tho Tibetan species has not been noticed in the present 
form. 

Spirifer Loreni (=Sp. Parryanus, Toula, Neues, Jahrb. f, Min. 187o, p. 266, 
Taf. VII, fig. 8) seems to hold an intermediate position between Sp. Rajah and 
Sp. Fihianut, as has been explained more fully in tho description of tho latter 
species. 

Tho similarity to Spirifer Wilcteki, Toula (Kohlcnkalk-Fossilien von der 
Buedspitze ron Spitsbergen, Sitzgsber, Kais. Akad. d. Wiss. Wion., LXVIII. Bd. 
p. 271, Taf. I, fig. 3), Sp. Tasmaniensis, Morris (in Strzelecki's Physical Description 
of Now South Wales and Vandicmcnsland, p. 230, PI. XV, figs, 3, 4) and Sp. 
iiUerplieatus, Rothpletz (Die Pcrm-Trias-und Jura Form, auf Timor und Rotti, 
Palaeontographica, SO, Bd. 1892, p. 78, Taf. IX, fig. 6) is a more distant one. 
Among these species Spirifer Tasmaniensis, as figure! by Morris, L. von Buch and 
L. de Koninck, is certainly least closely related to Sp. Rajah, from which it 
differs by its strongly-transverse shape, the less prominent and differently 
sculptured dorsal median fold and by the longitudinal ornamentation of the sinus. 

A species, which might also bo compared to the group of forms as tho proto- 
type of which Spirifer Rajah ought to bo considered, has bocn described and 
figured as Sp. Waageni, Tschcrnyschew (Mem. Comite Geol. 8. Petersbourg, Vol. 
Ill, No. 4, p. c6S, Taf. V, fig. 2), but tho fasciculate arrangement of the secondary 
ribs seems to be less distinctly developed in this Artinskian form. 

It is rather remarkable that no representative of this group has as yet been 
met with in the Productus limestone of the Salt Range, whereas both Sp. Rajah 
and Sp. tibetanus are among the most common and characteristic types of brachio- 
poda in the anthracolithic rocks of tho Himalayas. 

No representative of this group has even been found in deposits of a lower car- 
boniferous age, 

7. Spibifeu sp. ind. ex aff. Sp. Rajah, EL IV, Fig. 8. 
A species which seems to be very closely allied to the preceding one, is repre- 
sented among Dr. Gerard's collections from the Ruling shales of Spiti, although 
unfortunately, by an isolated dorsal valve only. This valve, which has been slightly 
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deformed by crushing, is somewhat square-shaped, wider than long, and provided 
with slightly-produced, attenuated winga, terminating in acutely rounded angles. 
The mesial fold is not strongly elevated above the general convexity of the valve, 
but nevertheless considerably surpasses in strength all the rest of the radiating ribs. 
The latter are of the same character as in weathered specimens of Sp. Rajah. The 
majority of tbem are single, but occasionally traces of the original secondary 
bifurcating costaj are still to be noticed. Concentric imbricating marks of growth 
are strongly developed. 

The chief difference between this species and Sp. Rajah consists in the shape of 
the median fold. It is composed of a single rib at its origin, and continues so for 
somo distance, whon it becomes dichotoroous. The two ribs, into which the original 
fold is thus splitting up, gradually increase in size towards the front, and are separ- 
ated by a deep longitudinal valley, which is much more deeply excavatod than the 
corresponding depression in Sp. EeUhatii, v. Buch. 

The measurements of this valve are as follow : — 



Locality land Geological portion; number of specimen* examined.— Killing 
shales near Muth, Spiti ; Coll. Gerard ; 1. 

Remarks. — If we set aside Spirifcr Rajah and Sp. Kcilhavii, there is a species 
from the anthraoolithic rocks of Spitzbergen described by Toula (Kohlenkalk- 
Fossilienvon der Sucdspizo von Spitsbergen, Sitzgsber. Kais. Akad. d. Wissensch 
Wien. Bd. LXVIII, p. 273, Taf. II, figs. 1, 2), to wliich the present ono might be 
moro especially compared. This species, of which the partly weathered dorsal valve 
only is known, agrees with my Ilimdlayan specimen in the presence of a strongly 
dichotomous mesial rib, the two branches of which are separated by a deeply 
excavated valley. 

V. Group op SPIRIFEIt CLARKEI, de Eon. 
8. Spibipkb Ltdkkkeki nov. sp., PL III, Figs. 1-1. 

1886. Spirifir ind., D«t Mboi., Qu».t Joara., Geol. 8oc. Vol XXII, p. 86, PI. I, fig. ft, 
lB&a. Sp. ,triat,.. Ljdckkor, M.m, Geol. Surr. of India. Vol. XXII, PI. II. fig. 4 

No complete specimen of this interesting Bpecics has como to my knowledge, 
but besides a large number of well-preserved dorsal valves one internal cast and two 
decorticated external impressions of ventral valves have been discovered among 
the fossil materials collected by Lydekker. Thus a fairly clear idea of the character- 
istic fcaturci of the species may bo formed from a comparison of the different 
specimens. 

The shell is rather variable in its dimensions, though always strongly transverse, 
more than twice as wide as long, the hinge-line corresponding to tho greatest breadth 
of the shell. The lateral margins of each valve rapidly converge towards the ex- 
trcmitios of the hinge-line, being thus produced into attenuated little wings, termi- 
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nating in acute cardinal angles. Both valves are only moderately and almost equally 
convex. 

I shall begin with the description of the dorsal valve which is more completely 
known to me. This valve is but little curved in either direction. Transversely it is 
slightly depressed in the vicinity of the small, attenuated and pointed wings, and is 
divided by a prominent, large, median fold. This median fold is considerably ele- 
vated above the general convexity of the valve, broadly rounded above, and without 
any trace of secondary ribs. On each side of the median fold the lateral parts of the 
valve are ornamented by a variable number of single, straight, radiating ribs, which 
become gradually obsolete in the vicinity of the wings. In the specimen figured 
on Fl. Ill, Fig. 2, about fifteen distinct ribs are counted on each side of the mesial 
ridge. In some forms they oocur to the number of twenty. All the ribs are 
very regularly rounded above and separated by narrow rounded furrows which arc 
far inferior to them in width. 

If the test is entirely preserved, the surface of the valve is covered all over by 
closely disposed, concentric, undulating laminrc. But in the majority of my speci- 
mens this beautiful sculpture has been greatly injured or completely destroyed by 
weathering. 

In casts devoid of their test, as in the form figured on PL III, Fig. 6, or in 
Lydokker'a typo specimen (PI. Ill, Fig. 7) faint concentric marks of growth only are 
occasionally noticed. 

In none of my numerous specimens lias the apex been preserved. It has been 
either broken off or has been destroyed by weathering, thus partly exhibiting some 
of the internal characters of the valve. The Figures 6, 7, 10 will give a better idea 
of them than any particular description. I need only remark their strong similarity 
to the internal features exhibited by Spirifer Lomdalei, as illustrated by Prof. 
Davidson (in David*m.8uc8s, Classification dcr Brachiopoden, Wien, 1856, PI. Ill, 
fig. 4). The impressions of the adductor muscles are especially well preserved in 
the specimen, Fig. 6a. 

The measurements of two specimens, the larger of which has been collected in 
the dark-blue carboniferous rocks near Eishmakam, are as follow :— 

I. (Fig. 2a.) H. (Fig. Co.) 

„ breadth „ „ „ „ . . 88 „ . 76 ,, 
» thick.,- 10 . 10 „ 

The ventral valve of this species is represented among Lydckker's oollection 
by an internal cast from Eishmakam, and by two external impressions from the 
Quartz sandstone of the Ladakh valley. 

This valve is provided with a moderately deep, mesial sinus, regularly rounded 
at the bottom and devoid of any longitudinal sculpture. Its lateral borders are 
sharply rounded. The ornamentation of the lateral parts is of exactly the same 
pattern as in tho opposite valve. In the specimen from Eishmakam the test has 
been partly preserved in the vicinity of the front line. It exhibits the coni-uritrio 
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lamello9e condition, peculiar to complete forma of this species. The plaster- 
casts of the two external impressions, which have been reproduced in the Figures 6 
and 9 of Fl. Ill, represent strongly crushed and deformed individuals, but show 
pretty well both the radiating soulpture of the surface and the shape of the rounded 
sinus strongly enlarged frontwards. Neither the apex nor the front line has been 
preserved. The anterior outline, as given in Fig. 5, ought not to be mistaken for the 
actual front of that specimen. 

The cast from Eishmakam exhibits the two strong diverging dental plates 
extending to a distance of more than one-third the entire length of the valve. 

The measurements of this specimen are as follow : — 

Entire length of the fentral rata 37 mm. 

„ breadth », „ », ■»•••« ... 0*5*- 90 

Width of tUe arc* 12 „ 

Apical angle 135° 

Locality and Geological position ; number of npecimen* examined. — Dark-blue 
shales and limestones with numerous Fenettellida, N. of Eishmakam, Coll. Lydek- 
ker, 4 ; yellowish-grey quartz sandstone, reminding of the devonian Spiriferen-Sand- 
stein of the Rhenish region in its lithological aspect, Ladakh Valley, Coll. Lydekker 
12. 

The identity of the specimens from the Barus beds of Eishmakam and from tha 
quartz sandstones of the Ladakh Valley does not seem to me in any way doubtful. 

Remark»,—Axnor\ g the carboniferous Spiriferidae the present species seems to 
be most closely allied to Spirifer Clarkei, L. de Kon. (Eecherches sur les fossiles 
Paleozoiques de la Nouvelle Galles du 8ud, p. 236, PI. XIII, fig. 2). The only 
essential difference between the two forms consists in the presence of small 
attenuated wings in Sp. Lydekkeri, whereas in Sp. Clarkei the lateral margins unite 
with tho cardinal border in rounded angles without any proper wings being developed. 
If wo set aside this difference, the two species agree very well in their general 
shape, in the presence of a wide, slightly raised, smooth mesial fold in the dorsal 
and of a moderately deep, smooth and rounded sinus in the ventral valve, in the 
character of their radiating sculpture, which is composed of numerous single 
rounded ribs, and in their beautiful laminose concentric ornamentation. 

In the face of such features there can be but little doubt, I think, that our 
Himalayan species belongs to the same group of forms as the Australian Spirifer 
Clarkei. 

There is quite a number of carboniferous and devonian species which show a 
more distant similarity to the present one, but there is none among them which 
might justly put in a claim for a closer comparison. 

9. Spirifer sp. nn>. ex afp. Sp. Ltdkmbbi, PL V, fig. 2. 

This species is perhaps still more closely allied to Spirifer Clarkei, de Kon., than 
the preceding one, but my materials are too scanty to allow anything to lie asserted 
more positively. 
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Among the Geological Surrey's Himalayan collection the present species is 
represented by a single incomplete dorsal valve only, with parts of the area of tbe 
ventral valve adhering to the rocky matrix. It is less strongly transverse than 
Sp. Lydekkeri, considerably less than twice as wide as long, without any proper 
wings and, so far as can be made out from the indistinct outline of the shell, 
with rounded cardinal angles. Its sub-elliptical shape readily distinguishes this 
species from the preceding one, whereas in the ornamentation no difference can be 
noticed. The specimen being devoid of its test, concentrio marks of growth are but 
very faintly indicated. 

Tbe measurements of this specimen are approximately as follow : — 

Entira Imnrth of the Ttlro 28 mm. 

H Width „ „ „ era. 40 ., 

thickntM p ,, av • . . . • • • • 9 „ 

Locality and Geological poaition; number of apecimem examined.— Yellowish 
grey quartz sandstone, associated with Spirifer Lydekkeri, Ladakh Valley, Kash- 
mir ; Coll. Lydekker ; 1. 

VI. Gkoup op 8PIRIFER ALATUS, Schloth. 

10. 8pxbtfer K ashm BKiBNsiA, Davidson. 

1S66. Spirifera Ka.imirietu, [fofidion, Quart Jonrn. G*ol 800., London, Vol. XXII, p. 4). PI. II, fig. 5 
1BS3. Spir.fir Kukmtrinn,, Wugta. S.lt B»nge Pom.. PH. lod., Mr. XIII, VoL 1, Prod. Limost. Pom., 
p. 521. 

1691. Spiriftr Kiukm4ru*tii, W», K . r , ibidnn. Vol. IV, Geological KmoIu. p. 108. 

The following is Davidson's description of this species : — " Shell transversely 
fusiform, hinge.line long and straight, the lateral margins becoming gradually 
attenuated. Ventral valve ornamented with about twenty simple ribs. The sinus 
deep and divided along the middle by a small, median, slightly projecting rib, which, 
commencing at a short distance from the beak, extends to tbe front. Length 7, 
width 1R lines." 

Of this species a few ventral valves only from the Zewdn beds of Barus and 
Khoonraoo were obtained by Captain Godwin-Austen and entrusted to Mr. Davidson 
for examination. My materials are still more incomplete, consisting of a single 
incomplete ventral valve, which I refer with some hesitation to Sp. Ka>hmerienti$, 
Thus our knowledgo of the characters of this interesting form remains yet very 
limited. 

Davidson compared Spirifer Kaahmeriemia to the devonian Sp. macropterua, 
Goldf, on account of its very transverse spindle shape, but marked tbe presence 
of a median rib in the sinus as an easily recognisable point of difference. Waagen 
in 1883 believed tbe present species to be closely allied to Sp. alatua, but 
afterwards, rejecting his former opinion, placed it in the group of Sp. veapertilio, 
8ow., from which he assumed it to differ solely by its more numerous ribs. 

There is a good deal of confusion about Spirifer veapertilio, Etheridge, jun., 
differing entirely from L. de Koninck and Waagen in the synonymy of that 
species. I believe, however, that Mr. Etheridge (Geology and Palaeontology of 
Queensland, p. 23) is perfectly right in retaining Sowerby's original name for 

Lt 
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the strongly transverse form, figured by Morris on PL XVII., Figs. 1 and 2, of 
his memoir in Count 8traelecki'a " Physical description of New South Wales" 
and in proposing a new denomination, Sp. Stutchburii ., for the species, figured by 
Morris on PL XVII., Fig. 3, and by L. de. Koninck on PI. XIII., Figs. 46, 4c, 
and PI. XIV., Fig. 3, of his memoir on the palaeozoic fossils of New South Wales. 
Waagen's shell from the Contt/arw-nodules of the Salt Bange consequently 
ought to be identified with Sp. Stutchburii, not with Sp. vetpertilio, if an identifi- 
cation may be based altogether on so fragmentary materials. 

A third species of the group of Spirifer vetpertilio is indicated by the form 
figured by L. de Koninck on » PI. XIII., Figs. 4, 4a, of hia ahovc-quoted 
memoir. This species approaches Sp. Kathmerientit by the presenoe of a mesial 
fold in the sinus, but strongly differs from it by its sharp angular ribs. Neither 
in the true Sp. vetpertilio nor in Sp. Stutchburii a mesial rib is developed in the 
bottom of tho sinus. Nor does the shape of the sinus agree in any way with that 
exhibited in the Kashmir shell. To me, therefore, the affinity of the latter to the 
Australian group of Sp. vetpertilio appears, to say the least, very uncertain. 

The pormian Spirifer alatut, Schloth., appears to me more closely allied to 
the present form than any of the above quoted species. In this respect I perfectly 
agree with the view expressed by Prof. Waagen in 1883, when he stated his specimena 
of Sp.olatus from the Amb beds of the Salt Range Productus limestone to differ 
from Sp. Kathmerientit by some minor details only. 



Subgenus : SYRINGOTHYRis, Winchell. 
Stbingothyeis ccspidata, Martin, PI. IV., Figs. 9, 10. 

17B6. AneaUtt tmtpUatm, Martin, fta — l Hw % litm-an goo.. Vol IV.. p. 44. PI. III., £ge. 1-4,6, 6. 
im. ConehjlMiatu Anomitee etupidetu; Martin, Petrtfic.* Derbieoaia, V..L I., p. 10. PL XLVI. 

fig.. 3, 4, PI. XL VII, fig. 5- 
1818. Spirifer empidatut, Sowerby, Mineral Conebology, Vol. II., p. 42, PL 120, fig*. 1-3. 

1835. Sp. eutpidatu: Sowerby, ibidem, Vol. V., p. 90. PI. 401, fig. 2. 

1836. Spirifer* eurpidata, Phillipe, Geology of Yorkabire, Vol. II., p. 216, PI. IX., figi. 1—4. 

1640. Spirifer cupM^Lf. Bueb, Mem. Sob. GeoL tie France, T. I. V., p, lot, PI. IX., fig. 18. 
1843. Sp. nupidatu*. h. d» Kooinok, Dfcer. dot animaai foeailee <lo terrain carbon, de Bolgiqne, p. 243. 
PI. XIV, fig. 1. 

1867. Spirifera mpidata.Dtiidieo, Monograph Britiah Carb. Braehiopoda, pp. 44 »nd 224, PI. VIII. 

Fig*. 9—24, PI. IX., fig*. 1, 2. 
1677. Spirifer emtpidatue ? Meek, Report O. 8. Exploration of Ui« fortieth parallel, Vol. IV., Patoontokgy , 

p. 87, PI. Ill, fig*. 11, 11a. 
1884. Ssringrtiyri, r„pid,U. Waleotl, Paleontology of the Eureka Diatrict. Mooogr. C. 8. GooL Sorr.. 

Wellington, Vol. VIII., p. 219. 

A ventral and a dorsal valve, which, however, do not belong to the same 
individual, from Kuling, in Spiti, are referable to this common mountain limestone 
species. They agree perfectly with typical specimena of Syringothyrit cutpidata 
from Tournay, which I have been able to procure for comparison. 
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The ventral valve, which is not complete and slightly distorted, exhibits the 
characteristic, transversely pyramidal shape of a medium-sized form of 
S. cuapidata. Its straight hinge-line it terminating in acutely rounded off 
cardinal angles. The arched triangular area is almost vertical, and curved slightly 
forward in the vicinity of the apex. The apical angle is obtuse. The narrow 
triangular fissure is nearly twioe as high as broad. Of the fiat, concave 
sinus the umbonal portion only has been preserved in my specimen, since the 
frontal portion of the valve, situated anteriorly to the hinge-line, has been broken 
off. The sculpture consists of single straight radiating ribs, of which from 
eighteen to twenty are counted on each side of fche sinus. 

The measurements of this specimen are as follow :— 



Length of the hinge Un 66 mm. 

Width of the ere* 18 „ 

Width ") ( 18 ., 

> of the triangular 6«or* J 

Height) (9-5 „ 

Apioal angle of the Tentrml n\n 110 s 



The specimen represented by the dorsal valve, figured on PI. IV., Pig. 10, 
has been considerably larger than the preceding one. This valvo is strongly 
transverse, moderately and rather regularly convex, with nearly acute cardinal 
angles and a barely prominent apex. The large smooth median fold is but 
little elevated above the general convexity of the shell. It is divided along its 
middle by an indistinct longitudinal depression, extending from the extremity of 
the apex to about one-half the length of the fold. 

There are about twenty-two simplo radiating ribs present on each side of 
the mesial fold. 

The measurements of this specimen are as follow : — 

Kntir* length of the dorul y»1»« S3'6 mm. 

„ breadth „ H 72 „ 

„ thick owe ,. „ 12 „ 

Apical angle „ .. oca. 135' 

Locality and Geological potition ; number of specimen! examined. — The two 
specimens were obtained near Kuling, in 8piti, by Dr. Stoliczka from a black 
crinoidal limestone, entirely different from any of the rocks which form part of 
the typical Kuling shales of Spiti or of the Productus shales in .Tobar and Pain, 
khan da. There is some probability of this rock -specimen having been derived 
from the crinoid limestone horizon, which Griesbach has demonstrated to underlie 
the white quartzite of Spiti and which he correlates with the mountain limestone 
of Europe. If this probability could be proved, the presence of Syringothyrit mspi. 
data would be strongly in favour of Griesbach's correlation, as neither in Europe 
nor in America this species has hitherto been ever met with in beds of an upper 
carboniferous age. 
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Sub-family : MAKTINIINaE, Waagen. 
Genus: MARTINIOPSIS, Waagen. 

1863. Martimiopiu. Waagan, Salt Kanga Foaaila, Pal. Ind , aer.xiii, Vol. I, Prod. Liuieut. Fata., p. 524. 

M A.BTINIOP8IS (2) sp. ind. apt. subbadiata, 8owerby. PI. VI., Fig. 9. 

[Compare : Spirfftra ntbradimte, Sowarby, Dmrwin'a Gaologioal OUerratioiu on tlx votcauie islands risitfd 

by H. M. thip Baagle, tie., 1814, p. 159.] 
Spiriftr tubradiatu; Morris, in BtmUcki'a Phyaical description of Ne* South Walca and Vendiemen.Und, 

1845, p. 281. PL XV., fig. $, PL XVI, Bga. 1-4. 
Spinfer o/afrar, Dana, Geology, WilkeV U. 8. Eaploriog Expedition, at*, 1C49. Vol. X.,p. 688. Pl.I, 

fig. 8. 

Spiriftr glab*r, L. dt Koninck, ReebeTcbea air laa foaailta peleox»iqu<* da 1* Noo Telia Gallae da Sud, 1877, 

P.. III. p. 227, PL XI., figt. 8, 9, PI. XII., fig.. U-c. 
Spirifer Darrivi, L. da Koo.nck (.o» Morris), ibidem, p. 230. PL X, fig. 11a, b, PI. XI.. fig. 10, 10* 

PL XII.. fig. L 

Mmrliniopih nbmdiata, Etl>«ridg« jun.. in Jack and Ktberidge, Otology and Palaeontology of Queensland, 
and New Guinea, 1892, p. 288, PL XI., fig. 14. 

It is with some hesitation that I introduce this name for a very fragmentary 
and somewhat crushed shell from the Zewan bods of the Kashmir Valley, but among 
the forms with which the present specimen could be compared, Martiniopsis sub- 
radiata, Sowerby, seemed to be the most similar one. 

I consider this specimen to be the fragment of a ventral valve, with the inter- 
nal cast partially exposed in its apical region. The sharp left border of the cast 
seems to correspond to the inner wall of a dental plate. The linguatiform impres- 
sions of the cardinal muscles are divided by a large double median septum. The 
median septum is more strongly developed than in any of the types of 31artiniop- 
sis figured by L. de Koninck. It must, however, be borne in mind that the present 
form if complete, would probably exceed in size even the type specimen of L. de 
Koninck's figure 10a on PI. XI. of his memoirs on the palaeozoic fossils of New 
South Wales. 

My fragment is too incomplete to allow any exact reconstruction of its original 
outlines, but what can be made out of its general shnpe is not contradictory to 
an identification as a species of Martiniopsis, allied probably to M. subradiata. 
With this identification the sculpture of the shell surface agrees very well. It con- 
sists of a comparatively small number of strong concentric laminse of growth 
which are crossed by a very foint radial ornamentation. A few obtuse radiating 
costaj are, however, more strongly marked. The shell structure exhibited in the 
vicinity of the front margin only is moderately punctato and fibrous. 

Locality and Geological position; number of specimens examined.— Greenish 
shales of the Zewan beds, associated with Frotoretepora ampla, Lonsd., Kashmir 
Valley; Coll. Verchere; L 

Remarks.— It is to be regretted that the present specimen is too poorly pre. 
served to allow a definite identification. Could I have satisfactorily proved its upper- 
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tenance to the group of M. tubradiata, it might very justifiably have been quoted 
among the species indicating an affinity between the faunae of the Himalayan 
Zewan beds and of the carboniferous rocks of Australia. 

Sub-order: ANCISTROPKGMVTA, Zittel. 
Family : RHYNCUoyKLLIDJi, Gray. 
8ub-family : RHYNCHON ELLIN JJ, Waagen. 
Genus : RHYNCHELLA Fisch. v. Waldh. 

Three species of this genus have been described by Davidson from the collec- 
tions of Captain Godwin- Austen made in the Zowan beds of Kashmir. Only one 
of them was identi6ed with a European form by that learned author, whilst the two 
others were considered to bo new. These three species are : — 

1. Biyntkonella pleurodo* tor. Dacremxiana, de Kon {Bk. triple*, M'Coy). 

2. „ 2fur,.'»" .•!.> ', D*vid*on (1. o. p. 421, PI. II, fijj. 8. I.) 

3. „ Katkmeriauu, Davidiwn (1. c. p. 42, PI. II. fig. 91 ) 

Tho genus seems to be extremely rare in the anthracolithio rocks of Kashmir. 
Only very few specimens were available to Prof. Davidson, who himself stated the 
study of a larger number of specimens to be necessary for arriving at a satisfactory 
conclusion regarding the affinities of his new species to the rest of congeneric forms. 
Unfortunately, however, I am not in a position to add anything to elucidate this 
point. Both in the quartz sandstone with Conularia tenuistriata and Spirtfer 
Lydekkeri from the Ladakh Valley, collected by Lydekker, and in a slab of rock 
from the Zewan beds of Barus collected by Major Collet, a small number of Bhyn- 
chonellida have been discovered, but they are so badly preserved that I could not 
even decide whether they actually belong to either Shynchonella or Camarophoria. 
In a sericitic slate from the Ladakh Valley very badly preserved specimens of 
Bhyncfumella have likewise been noticed. 

8ub-family : CAM a hop no run v., Waagen. 

Genus : CAMAROPHORIA, King. 
Camarophoria ct. Purdoni, Davidson. PL VII., Fig. 4. 

1863. Cam» n pioria Purjo.i, D.rid-on, Quirt. Jooro. G«logi«l Sot.. LoaJon. Vol. XVI II., p. SO, PI. 1 1 , 
fig. A 

For a complete list of synonyms I refer to ray memoir on the fauna of the 
permo-carboniferous limestone crag of Chitichun No. I (Pt. 3 of this volume). 

Two specimens from the anthracolithio rocks of Kashmir are referable to this 
species, with which I should have united them without the slightest hesitation 
had not their insufficient state of preservation prevented me from doing so. 
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In its general shape and outline the moro complete specimen of the two agrees 
almost perfectly with moderately inflated forms of Camarophoria Purdoni from 
Chitichun No. I. 1 his specimen, which has served as type for the illustration on 
PL VII. of this memoir, having heen strongly injured by weathering, the exact 
number of ribs cannot be made out. One of the ribs in the modian fold of the 
dorsal valve can be traced to the proximity of the apex. The two lateral portions 
of the shell are distinctly asymmetrical. 

The measurements of this specimen are as follow : — 



Entire length of Ik* ebell 31 mm. 

Length of the dorul va're 28 „ 

Entire breadth of the theH ......... 32 „ 

Breadth of the median fold ......... 16 „ 

TUiclcuess of both valree 16 „ 

Apical angle of the central tiIt SO 3 

„ m m m » «*° 



The specimens under consideration are probably identical with C. Purdoni, 
but there are several species of this genus which so closely approach the latter form, 
especially C. alpiaa, Schellwien, from the upper carboniferous Fusulina limestone 
of Carinthia, that a direct identification is only possible if completely preserved 
forms were available. 

Locality and Geological potitim ; number of tpeciment examined.— Black, 
micaceous shells, Kashmir, exact locality not known; Coll. Lydekker; 2. 

From the character of the matrix adhering to the loose shells it appears doubt- 
ful whether they have been obtained from the Zewan beds or from the geologically 
younger shales with Productut Abichi and Marginijera himalayentit correspond- 
ing in ago probably to the Kuling shales of Spiti. 

Sub-order : ANC1 LOPEG If ATA, Zittel. 
Family: TEREBRATULIDA!, King. 
Sub.family: TEREBRATULIN2E, Waagen. 
Suh-genua: D I EL AS MA, King. 
Dielasma hastattjm, Sowerby, PI. VII., Fig. 5. 

1834. TtrtbraMa iittvta, Soverbr, Mineral Conch, of Gloat Britain, Vol. V„ p. C6, pi. 440, 6g. t, media 

(fig. 2, dextra ct catena exclnaia). 
1S67. T. iattata, Daridaoti, Uonogiaph Biitifh curb. Braehiopoda, p. 11. PL I., fig. 1 (oaUrii eicloeit). 
1S7P. T. hutata, ltoemer, Letl-aea Falie.rx.ica I, Th. all... Ub. XLUI, fig. 1. 

1(580.7. lactMl; ror. hattota. D«Tid«on, Slonogr. Britiah Pom! Biacbiopoda, wppitroont. VoL IV, 
p. 269, Pi. XXX., fig. 17. 

1887. IHehtma kaitatum, L. de Kiniuck, Fasoa do Cakaire earbooifere de la Belgiqnr, f, 9, PI. Ill, fig*. 
1—26, PI. IV., figi. 0-23, ear. fig*. 28—25. 

Among the fossil material collected by Lydekker in the antbnioolithic rocks of 
the Kashmir valley, there is one single but perfectly com fide specimen of 
Dielatma, which, I think, mny be safely identified with Dielaoma hattatum, even 
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if this latter species is aocepted in the narrow circumscription proposed by L. de 
Koninc.k. In the genus Dielasma an interpretation of species has been introduced 
by that learned author, as Las scarcely been adopted in any other group of 
brachiopoda, their distinction being based on very subordinate details to 
which in other genera of this class barely a varietal importance would have been 
accorded.' Of some of these species L. de Koninck himself candidly admits it 
to be solely a matter of taste, whether the difference be considered or not as 
sufficient for the distinction of separate species . If, notwithstanding this fact, 
I venture on a direct identification of the present specimen with Bielatma hattatwm 
in the narrow circumscription proposed by L. de Koninok, it is on the ground of 
its agreeing entirely with some of the type specimens of that author from the 
mountain limestone of Belgium. 

The shell is of a somewhat pyriform shape, elongated, truncated in the frontal 
region, and provided with a slightly arched frontal line. Its largest transverse 
diameter is situated a little anteriorly to the middle of its entire length. 

The ventral valve is strongly iuflated, especially so in the vicinity of the 
beak, gradually tapering towards the front line where a broadly excavated sinus 
is formed. This sinus originates in the middle of the entire length of the valve. 
The beak is thick, regularly curved, and slightly prominent beyond the apex of 
the dorsal valve. It is pierced by a large, longitudinally oval, oblique foramen. 
Its lateral portions are somewhat flattened, indistinct ridges extending down the 
beak on both sides of the foramen and limiting off a very ill-defined false area. 

The dorsal valve is less strongly inflated than the opposite one, regularly 
vaulted in cither direction, and provided with a shallow broad sinus, which is 
considerably less deep than the corresponding sinus in the ventral valve. The 
lateral margins of the two valves meet in a very flatly curved line, the convexity 
of which is turned towards the ventral valve. The front line is slightly raised in 
the opposite direction. 

The surface of the shell is nearly smooth, ornamented by a few irregularly 
disposed, concentric strirc of growth ouly, which are restricted to the proximity 
of the front. 

The measurements of this specimen are as follow : — 



Entire length of tb« »h<U .......... £9 mm. 

„ * m n *nuHer Talra 26 „ 

,. braadth of th* tbtll 21 „ 

THwkneM of the ik.ll 16 ,. 

Apical angl. of th. rratral v»1t. oca 80* 

« „ „ doraal raWa „ 90' 



Locality and Geological poiition; number of tpecinenn examined. — N. of 
tishmakam, Kashmir Valley, obtained probably from the Zewan beds ; Coll. Ly- 
dekker ; L 

1 In Uriel eonlraat to thii narrow interpretation of epceita •tan>k L. da K°ninck'i '.'{ratification of a Diet a tmm 
frnir. Loping. dra riWJ by Karior (ObtroaiboDiiob. Kauna »«n Loping, Kichllofra, China, IV. Bd., p. 174, Tif. 
XXIII, bit. 9) with D. mar malt. L. it. Kun. (I. o. p SI, PI. VI., figs. 1 '— ej> It thrae two forme arc to be united, 
we may aa wtll aoorpt tpeeui of ao motutroaa an axttaaioa »» D. itteeuU* in the interpretation at Daridaun. 
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Remarks. — L. de Koninck insists on this species being restricted to the mount- 
ain limestone of Belgium and Ireland only, and docs not admit its identity with 
pennian forms described as varieties of Dielatma hattatwm by Davidson and by 
Kirkby. It is, however, impossible to decide whether among the forms from upper 
carboniferous beds, quoted undor that name by European and American authors, 
the true D. hatiatum may be represented or not, as a very different definition of this 
species has been adopted by the majority of palaeontologists and by L. de 
Koninck, 

Order: INARTICULATA, Huxley. 
Family: D1SCINIDJE, Gray. 

Genua: DI8CINA, Lamarck. 

Dmcina Kashmbbibnsib, Davidson. 

IBM. Du<i»a Jivkm^m,, D.yid^D, Quirt. Joanu. feoL In, London, Vol. XXII, p. 45, PI U. 
fig. 19. 

Two specimens of this interesting species were obtained by Cnptain Godwin* 
Austen in the Barus beds of Khoonmoo and described by Davidson. Waagen 
considers them to be very closely allied to Eisciniaca Warthi (8alt Range Fossils, 
Palasont. Indies, ser. XIII, Vol. IV., Geological Results, p. 134, PL V., figs. 12-15), 
from the Convlaria nodules of tho lower speckled sandstone in the Eastern Salt 
Range and to differ from the latter species solely by their larger dimensions and 
by their more strongly inflated upper valves. 

No specimens of any Di$cittida have been discovered among the fossil material 
from Kashmir and Spiti entrusted to me for examination by the Director of the 
Geological Survey of India. 

The genus Ducina is of so scarco an occurrence in Asiatic deposits of an anthraco- 
lithic age that the presence of this Himalayan species in tho carboniferous rocks 
of Kashmir is of some importance, 

Claw: BRYOZOA. 

Although this class of fossils is very richly represented in the anthraoolithio 
rooks of Kashmir, their examination is rendered exceedingly difficult by their 
unsatisfactory state of preservation. Not only they are, as a rule, found in the 
condition of impressions only, but even in the few cases, if the polyzoarium itself 
has been preserved, I have, with one single exception, either not succeeded in 
clearing the poriferous side from the matrix, or have found it so strongly injured 
from weathering that no definite information concerning the nature of the cells 
could be obtained. In the absence of this character I deemed it preferable to 
abstain from a specific identification of my specimens and to be rather content 
with comparing them with such species as I thought to be probably their 
nearest allies. In one single case only did I dare to make an exception from this 
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treatment of my materials. This species is Protoretepora ampla, Lonsdale. The 
examination of some excellently preserved impressions from the Zewan beds of 
Kashmir revealed to me the nature and arrangement of the oells, agreeing per- 
fectly with those exhibited in the Australian types of this remarkable form. 

Thus the present monograph does not give an adequate idea of the rich fauna 
of Bryotoa contained in the anthraoolithio system of the North-Western Himalayas- 
No doubt a systematic search of the localities mentioned will bring to light a 
much larger number of species ttian those here described. 

Order : GYMNOUEMATA, Allen. 

8ub-order : CYCLOSTOMATA, Busk. 

Family : FEKBBTELLIDJt, King. 

Sub -family : FENE8TELLIN Ji, Waagen. 

Genus: FENESTELLA, Lonsdale. 
1. Fbnbstklla sp. ind. app. F. poasuLA, Lonsdale. PI. VII., Fig. 8 ; PI. VIIL, Fig. 4. 

[Compare i TtmtUll* fotrula, Lonsdale, in Dsnrio Oeol Obturation* am Volosow tikuU, 1844, p. J 64. 

ud in Count StmUki'i Pbriiati Description of New South Wsles, etc, 1845, p. 369, T. IX., fig. 1.] 
FnutUlla/ottuU, Etberidge, Qiurt Joorn., Geo]. Hoe., London, Vol. XX VIIL, 1873, p. S3J. PI. J6. ttg. 1. 
tn^Mufatnla, Kthtridg* jno„ in Jsck ud Ktheridge, Geology end Pslswatotogr of Qaeenilud. etc, 

[> !17. PL IX, ig*. 4, 6]. 

A number of specimens of a Fenestella from the Zewan beds of the Kaahmir 
valley appear to bo very closely allied, if not actually identical with the present 
species. But as the poriferous side is not sufficiently well preserved to allow the 
character and arrangement of the cells to be studied, I dare not venture on a 
direct identification. Since a very narrow circumscription of the single species 
of this genus has been adopted by Stuekenberg in his monograph of the Russian 
carboniferous corals and Bryosoa, a speciflo determination of Fenettella is barely 
any more possible if one has not to deal with perfectly preserved specimens. 
Being not in this happy position, I must be satisfied with referring my forms 
to Fenettella /<mula as their probably nearest ally. 

All my specimens are characterised by their very regular structure and by 
their densely retiform appearance, being composed of very delicate and slender dis- 
sepiments and interstices. The branches are of equal thickness throughout their 
entire extent and are not frequently divided dichotomously. They are not swollen at 
the point of division. They are considerably thinner and bifurcate less frequently 
than in P. pie beta, M'Coy. The interstices form together with the dissepiments rec- 
tangular fenestrules, bordered by nearly straight bars, and provided with ovally 
rounded off corners. Within the space of 5 mm. there can be counted generally 
10 meshes or fenestrules in the direction of the extension of the branches, and 14 in 
the transverse direction. 
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On the non-poriferous side the branches are flatly vaulted. Whether they 
have been ornamented by a longitudinal striation or not I am not able to decide, 
as in none of my numerous forms the surface has been perfectly well preserved. 
Of the poriferous side very little is known to me. Traces of a median keel are occa- 
sionally noticed in the hollow spaces left in the cast by the impression of the branches. 

The species attains considerably large dimensions, one of my specimens, though 
incomplete, reaching a length of 100 mm. and a width of 90 mm. 

In the specimen, figured on PI. VII, Fig. 8, the natural colouring of the 
species, a dark Indian red, seems to have been preserved. 

Locality and Geological position ; number of specimens examined. — Numer- 
ous forms of this species have been collected in the Zewin or Barus beds of the 
Kashmir Valley by Major Collet, of the Ladakh Valley and at Eishmakam by 
Lydekker, near Barus by Captain Godwin-Austen. 

Remarks.— The dense arrangement of the very thin, but rarely dichotomising 
branches is a good character of this species which very closely approaches Fenes- 
tella Jossula, Lonsd., from the carboniferous rocks of New South Wales, Tasmania 
and Queensland. In its general shape it agrees especially well with the specimen 
from Gympie figured by Etheridge, sen., in Volume XXVIII of the Quarterly 
Journal. 

Waagen united together Fenestella fossula with F. veneris, Fiseh., and F. 
jabiensis, Waag., in a special group of forms, distinguished from the rest of con- 
generic species by a different aspect of the two faces of the colony, " on the pori- 
ferous side the fenestrules appearing more or less rectangular, while on the other side 
they appear oval or nearly circular. 1 ' This peculiarity is however not mentioned by 
Etheridge, jun., in his minute description of Lonsdale's species in the *' Palasontology 
of Queensland and New Guinea " (p. 217). 

2. FENESTELLA SP. AFP. P. IXTKRSATA, Lomdale. 

PL VII., Fig. 9 ; PL VIII. Fig. 3. 

[Coop.™ Ftnttttll* internal j, Lonadale, in Danrin'a Geological Obeerr. on Volcanic Ialaada, etc., ISO, 
p. 165.] 

F. iufr~t., I.. r.«Ul,. in Strxeleeki'e Phyeieal Description of New Bonth W»W». etc., 1846, p. 2W, PI. IX. 

if. 2. 

F. imt*n,at*. Dana, in Wilkee. U. 8. Exploring Expedition. Geology. 1849, p. 710. PI. X, fig, 13. 
F. inttnata, Etheridge, jun., in Jack and Etheridge, („,:„„ and Paleontology of QiMeoaland. etc. 1892, 
p. 218. PL IX. fige. 8-7.] 

Although among my materials this species is more numerously represented 
than the preceding one, I have seen it only in the condition of impressions in which 
the casts of the fenestrules and the hollow spaces left by the removed dissepiments 
and branches havo been preserved. Thus the determination of the species remains 
yet more uncertain, being necessarily based on a general resemblance of my speci- 
mens to Fenestella intemaia only. 

The present species exhibits the same densely retifonn appearance, the rarely 
dichotomising branches, the regular arrangement of the straight interstices and 
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disopiments enclosing rectangularly oval fenestrules as has been noticed in P 
fottula. It chiefly differs from the latter in being of a larger habit. Within the 
space of 5 mm. there can generally be counted 5 to 6 fenestrules in the direction 
of the extension of the branches, and 7 to 8 in the transverse direction. 

Locality and Geological potition ; number of ipeciment examined. I have 

examined about twelve specimens of this species which were obtained at different 
localities from the Zewan beds of the Kashmir and Ladakh Valley, by Captain 
God win- Austen, Major Collet and Lydekker. 



Subfamily: POLY PORING, Waagen. 
Genus : PROTORETEPORA, de Koninck. 
Protoretepora ampla, Lonsdale, PI. VII, Fig. 10 ; PL VIII, Figs. 1, 2. 

1B44. Ftnttttll* ampin, Lonadale, in Daiwin'i Geologr. OWrr. on Vuleanto Inland*. eta , p. 108. 
1B46. F- ampla, lVmadalf, in 8tn«lecki'i Phymeal IWr. of K«w Booth WaSea, etc., p. 2*8, PI. IX, fig*. 3. 
1849. F. ampla, Dana in Wilkea, U. 8. Exploring BxPadition, Geology, p. 10, PI. XI, fig,. 1, la. 
IMS. Polapera ampla. Etheridge, jnn., Tmnnetioo* Royal 8ee. Virtori«, Vol. Ill, p. 60, fig. 1. 
1888. Protoretrp.™ ampla, Lydrkker. Geology of tbo Kjuhoir and Cbamba territori,,, etc, Mem. Owl. 

Survey of India, Vol. XXII. PI. II. fig. 1. 
1892. P. ampi; Etheridge, jno, in Jack and Elberidge. Geology and Paleontology of Qneeneland. ete., p. 

22). 

This is the only species of Bryozoa contained in the Geological Survey's collec- 
tions from Kashmir which is represented by sufficiently well preserved forms to 
warrant a certain identification. Mr. Etheridge, jun., has fully discussed the value 
of the generic name Protoretepora and redefined it. I have also relied on his 
arguments in adopting the present species in a narrower circumscription than 
had been introduced by L. de Koninek. 

My specimens agree perfectly well with the Australian Protoretepora ampla, if 
the'latter is accepted in the interpretation proposed by Etheridge, jun., excluding the 
rar. Konincki and var. Woodsi. They form very large funnel or cup-shaped colo- 
nies with often strongly oontorted or crumpled expansions. The largest among them 
seems to have attained at least 160 mm. in length and 180 mm in width. The cell- 
bearing face of the polyzoarium is internal. The interstices are tolerably straight 
and bifurcating at moderately long intervals. They are broad, flatly arched and 
expanding previous to bifurcation. The dissepiments are only one-half to one-third 
the length of the interstices, from which they are, however, not very distinctly de- 
fined. The numerous elongate oval fenestrules are arranged radially in regular 
rows, some of which can be traced from the very root to the margins of the colony. 
There are generally four fenestrules within the space of 10 mm. along the 
longitudinal direction. 

On the poriferous face of the colony the interstitial interspaces between the 
fenestrules are occupied by from five to eight rows of circular cell-apertures. The 
diseepiments as well as the interstices are celluliferous 
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The outer surface has been too much injured in my specimens by weathering to 
allow its ornamentation to be studied in detail. 

Locality and Geological portion; number of specimens examined.— This 
remarkable species is not at all rare in the Zewan beds of the Kashmir Valley. The 
chief localities where it has been collected by Verchere, Captain Godwin-Austen and 
Lydekker are the following : Mandakpal, N. W. of Wasterwan, Leitipur, 8. E. of 
8rinagar, Pailgam, Barns, Marbal Pass (associated with Lyttonia sp. ind ). 

Remark*. — The identity of the Kashmir specimens with the typical Protorete- 
para ampla from the anthracolithio rocks of Tasmania and Queensland has been 
advocated by Lydekker on the authority of Dr. Feistmantel and fully confirmed by 
my examination of his materials. It is of no small geological importance, pointing 
as it does, to slight Australian affinities in the carboniferous fauna of Kashmir in a 
more direct way than the rest of similar indications. 

Family: THAMNI8CIDJB, King. 

Genua: AOANTHOCLADIA, King. 

A C A ;> THOCIiADIA BP. 1*1). PI. VII, Fig. 7. 

It 18 with considerable hesitation that I refer a single, incomplete and badly pre- 
served specimen from Loodoo to this genus. 

The arborescent colony consists of a primary branch, from which a few secondary 
branches take their origin, bifurcating at long intervals, but being never connected 
by dissepiments. All the branches are situated in one plane. The majority of them 
are ornamented either on both sides or on one side only with numerous little branch- 
lets, whieh are narrower than the principal stems, very short, pointed and nearly 
parallel to each other. 

Although the poriferous face is exposed in my specimen, the character and 
arrangement of the cellules cannot be made out with certainty on account of its 
unsatisfactory state of preservation. 

Locality and Geological position ; number of specimen* examined. — Loodoo 
Vihi Valley, Kashmir, Zewan beds; Coll. Godwin-Austen ; 1. 

FAUNISTIC RESULTS. 
Among the faunae of the anthracolithic syBtem in the Himalayas of Kashmir 
and Spiti described in the present memoir, the fauna of the Kuling shales of Spiti 
is the geologically youngest in age. It comprises the following forms, being rather 
poor in species, though rich in individuals :— 

1. Margittiftra iinnlafeniit, Diener. 

2. Cho*ttt* of. Lit«tr*nn\ Dinner. 
S. Atkyri* Otrardi, Diener. 

4. 8pirif*f Rajah, Salter. 

5. „ sp. ind. Rajah. 

0. „ ifumHefleniii, Davids. 
7. » «/. SUisnsis, Diener. 
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80 far as numbers go, Marginifera himalayetmt, Dinner — a species very closely 
allied to M. typha, Waagen— and Spirifer Rajah, Salt., play the principal part. 
The class of Lamellibranchiata is represented hy a few very poorly preserved frag- 
ments only, which do not allow a specific determination. The state of preservation 
of the hrachiopoda is also, aa a rule, rather indifferent. There is barely one single 
fairly complete form among the numerous specimens collected by l>r. Gerard, 
Stoliczka and Griesbach. 

Grieshach correlated the Ruling shales of Spiti (temu ttricto) with the 
pennian Produetus shales of Johar and Painkhanda. The palseontological evidenoe 
afforded by the examination of the fossil materials handed over to me is certainly not 
adverse to this correlation, which was chiefly based on stratigraphical and lithologioal 
characters. Out of Beven species of brachiopoda composing the fauna of the Rul- 
ing shales of Spiti, four are probably identical with forms from ' thepermian Produe- 
tus shales of the Central Himalayas. These four species are :— 

Ckonetu ef. tf—M—fi, Di*n. 

A'h-jrit Gerardi, Dten. 
Bpiriftr $fnakktflenii$, David*. 

„ <■/. NitimtU, Dien. 

Three of these species are restricted exclusively to the Produetus shales of the 
Himalayas and do not occur in any other deposits. Among the three remaining 
forms, forming part of the braohiopod-fauna of the Killing shales of Spiti also, not a 
single one occurs outside the sedimentary belt of the Himalaya*. Thus the affinity 
of the present fauna to that of the permian Product ub shales is undoubtedly more 
strongly marked than to the fauna? of any non-Indian strata of anthracolithio age. 
To this evidence it may be added that Athyrit Gerardi and Spirifer ef. Nitienti* 
have been obtained from sandstone partings intercalated in the black micaoeous 
Ruling shales, which lithologioally agree so perfectly well with similar intercala- 
tions of sandstone partings in the Produetus shales of Kiunglung that the specimens 
in the collection could not be separated without the labels attached to them. 

An astonishing fact whioh must not be overlooked is the total absence of the 
two chief leading fossils of the Ruling shales of Spiti, Margin\fera himalayetmt and 
Spirifer Rajah in the Produetus shales of Johar and Painkhanda. This fact, it is 
true, strongly diminishes in its importance if we bear in mind that the leading 
fossils of the Produetus shales themselves are very unequally distributed at different 
localities. Chonetet Listarentti, e. g., which is most abundant in the Produetus 
shales of Johar, whole rock-specimens being made up of its shells only, is entirely 
absent in Painkhanda. On the other hand, Products caneriniformU, which is 
very common in the Niti district, has not been found in the Produetus shales of 
Johar. 

This rather unequal distribution of species throughout the Himalayan Pro- 
duetus shales does not however exclude the possibility of another explanation of 
the absoQce of Marginifera himalayentie and Spirifer Rajah in the eastern 
portion of the Central Himalayas. To this explanation a pa&sage in Griesbaoh's 
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description of the sequence of anthraoolithic rocks in the Niti area (Geology of the 
Central Himalayas, Mem. Qeol. Surv. of India, Vol. XXIII, p. 120) gives a due. 
In his description Griesbach makes referenco to the development of a calcareous 
thiok-bodded dark-groy sandstone, intermediate between the carboniferous white 
quartzite and the Productus shales of a ravine at the foot of the Niti pass. This 
dark-grey sandstone he found full of braobiopoda, which he identiBed with 
Productus semireticulatus. "I have compared" — he further adds— "both the 
specimens and the matrix with sped mens contained in the Geological Survey 
Museum, which had been collected at Kuling by Dr. 8toliczka; both are so close 
in form and lithological character that they might easily have come from the same 
locality." 

Among the materials handed over to me for examination no fossils from this 
rock group are unfortunately represented. Could the presence of Ifarginifera 
himalayensis — corresponding to Griesbach's Productus semireticulatus— ia the 
calcareous sandstones from the foot of the Niti Pass satisfactorily be proved, this 
evidence might point to the probability of a correlation of these saudstones with 
part of the Kuling shales of Spiti characterised by the presence of II. hima- 
layensis and Spirifer Rajah. Nor is the possibility excluded that these beds are 
slightly lower in their position within the Kuling shales than the main mass of the 
latter from which the species identical with forms peculiar to the Himalayan 
Productus shales have been derived. I have hinted at this possibility to draw 
the attention of future observers to this question, as it may easily be decided by 
collecting more extensive fossil materials, according to singlo geological horizons. 
To say more on the poor evidence of a few vague palmontological indications 
only, which are not supported by a thorough knowledge of the actual stratigraphical 
sequence, would far transgress the limits of sound geological reasoning. 

My recent examination of the anthraoolithic fossils of Kashmir collected by 
Captain Godwin-Austen, Verchere, Major Collet and Lydekker, has led me to 
recognize two fairly well differentiated faunae among them. Tho geologically 
younger fauna is represented by a small set of brachiopoda, collected by R, Lydekker 
in a dark micaceous shale with occasional intercalations of sandstone on the summit 
of a ridge north-east of Prongam Tral, The species composing this faunula are 
the following 

Product u* Abiehi, Waagen. 
Marginifera ki*alaye*tit, Ditm. 
Ctometti ffaudieotla, Waagan. 
StrepAome*a a*elog<t , Pbill. 

So far as a correlation of horizon may bo based on so small a number of fossils, 
all the evidence goes to prove that the rocks from Prongam Tral correspond in age 
to the Kuling shales of Spiti. The few slabs of rock from this locality, contained 
in tho Geological Survey's collections, are full of JIarginifera himalayensis and 
exactly agree in their lithological character with specimens from the Kuling shales, 
collected by 8toliczka and Griesbach. Each of the three remaining species is re- 
presented in Lydekker's collection by one single individual only. Among them 
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Strophomena analoga is an ubiquitous form of a tolerably wide geographical and 
geological distribution, ranging throughout the entire carboniferous system into 
permian strata. Productu* AbicU and Chonetet grandicotla decidedly point to a 
permianage. Productu* Abichi is among tho most characteristic permian species 
of the Salt Range, of Armenia and Timor. Chonrtes grandicoata has as yet not 
been discovered outside the upper Productua limestone of the Salt Range. 

In considering these facts it appeared to me that from a palceontological point of 
view a corn: hit ion of the shales with JUarginiJera kimalayeasit from Frongam Tral 
with the Ruling shales of Spiti will best express our present state of knowledge 
regarding their true stratigraphical position. This view is corroborated by the fact 
that none of the few fossils from this locality is identical with a species from the 
Zswin beds of fiarus, Khoonmoo or Eishm&kam. Stratigraphical evidence to ascer- 
tain this correlation of the Frongam Tral beds with the Kuling shales of Spiti is, 
however, unfortunately wanting. In Lydokker's report on the geology of the 
Kashmir district no reference is made to the position of those beds, which he probably 
failed altogether to distinguish from the rest of anthracolithic rocks. 

Provided the correlation of the Prongam Tral beds in Kashmir and of the Kuling 
shales in Spiti with the Productus shales of Johar and Painkhanda be correct— 
a view which, I suppose, will better express the facta hitherto known than any 
other — the permian system appears to play an important part in the anthracolithio 
aeries of the Himalayas and to represent a diatinot horizon of great geographical 
distribution. 

The richest of all the anthracolithic fauna? described in the present memoir 
is contained in the Zewan or Barus beds of the Kashmir Valley. This fauna, to 
which attention has first been drawn by the valuable memoirs of Godwin-Austen 
and Davidson, is composed of the following species:— 

TauoMU. 

i. rmUftu tp. ind. Mff. «#«M.jf#«, phiii. 

Lamilubiumchut*. 



z. 


ilodiola 


tp. ind. (?) 


9. 


Atieuhpectn »ov. tp. i*d. 


4. Ptetf ■ 


ov. tp. ind. 


5. 


niucHioroDi 
Produeiut Cora, d'Orb. 


6. 


n 


uodalut, Defr. 


7. 


it 


tenireliculotut, Mart. 


8. 


» 


tf. longitpinut, Sow. 


». 


n 


ef. ttabritulut, Mart. 


10. 


N 


tf. tpiuulotnt, Sow. 


11. 


M 


puttulotut, Pbill. 


It, 


II 


puneMut, Mart. 


13 


» 




1*. 


M 


Mongalitu*, Dieiver. 
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15. Stropkalotia tp. ind., off. collate, Waag. 
16- » <f- P) hnuiipina, Wmr. 

17. Ciouetoi lavit, Davida. 

18. „ tfardreuM tor. Kaikmerunii*, Dav. 

19. „ AuiUniama, Davida. 

80. „ Boruiienii*, Davids. 

21. Lyttonia tp. ind. 

22. Dorbji* ef. tenilii, Phill. 

28. Eumetria cf. orandieoito, Davids, (an eompretia, Maek ?) 

24. ^%rt« ntbtilH*, Hall. 

25. „ Bnddkiita, Verchere. 
86. „ expama, Phill. 

27. Spirifetino ef. Kenxncktntit, Shum. 

28. Bpirifer Mntakktyle*tii, Davids. 

29. „ ■•/.'. ind., off. Mu*akktg Until. 

30. „ .Sa/<iA, Salter. 

81. „ ef. triangularii, Mart 
32. Spirifir LydekktH, Dienor. 

83. „ Kaikmeriemii, Davida. 

84. „ VHi»m%*, David*. 

35. Marti%iop*i (?) i P . ind., off. lubradioto, Sow. 

36. BkynekonelU triplex, M'Coy. 

37. » Baruiitmii, Davida. 

38. „ Koiktntrientii, Davida. 
(?) 39. Camaropkoria ef. Pnrdoni, • Davida. 

40. l)ulatua kaitatvn, Sow. 

41. Dmm'm Katkmenentii, Davida. 

Bryozoj. 

42. Fenettella ip., aff. fotiula, Lonsdale. 

43. m ip., off. internal*, Lousd. 

44. Protoretepcr* ampta, Lonsd. 



45. Jeontkoelodia ap. ind. 
I have not been able to ascertain if Camarophoria cf. Purdoni ought not to 
have been included rather in the list of fossils from Prongam Tral than iu the 



The fossils of the Zewan beds are contained in variously coloured shales, sand- 
stones and limestones, but are as a rale rather indifferently preserved. This fact will 
explain the large number of species marked in the preceding list as "$p. ind." or as 
«« cf." only. 

In this list are contained 45 species altogether, of which, however, barely 
more than 80 could be identified with tolerable certainty. Among them 
braahiopoda by far predominate, both in number of species and individuals, 
composing with b7 species five-sixths of the entire fauna. Although this propor- 
tion may be partly due to the circumstance that among the Lamellibranchiata and 
Bryozoa available for examination very few specimens only were found worthy of a 
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specific description, the predominance of brachiopoda over the other classes of 
organic remains may be considered a well-established fact. 

Judging by its general zoological character, tho fauna of the Zewan or Barus 
beds can only be looked upon as of upper carboniferous age, Leaving out such 
forms as are either restricted to the Zewan beds only or specifically undeterminable, 
the remaining species may be divided into two groups. The first group is repre- 
sented by species wliich occur both in the mountain-limeBtone and in deposits of 
an upper carboniferous age. The second group, which from a palajontologioal point 
of view is much more important, is composed of such species as are restricted 
to younger carboniferous strata but are absent in the mountain-limestono of lower 
carboniferous age. These species are :— 

Product** mttngolient, Diener. 
i>tropkalo$ia <f. (?) tenuiipiua, Waag. 
Choartt* Barttitmit, Dav. 
IjUomia tp i»d. 

Evmelria ef. graniieotta, David*. 
Spirifcrin* ef. Kea/ueientii, Sham. 
Spiriftr MutaHtyltntil, DaviJa. 

„ Rajah, Salt. 
Camaropioria ef. Pnrdoni, Davids. 
I'roloretepora tmpla, Lootd. 

The frequent occurrence of Slrophalotia, the presence of the strange genus 
Lyttonia, of the group of Chonete$ grandico»tata,ot Spirtfer Muaakheyletms and of 
a group of Spirtfer, distinguished by coarse fasciculate ribs (Sp. Rajah) are 
characters of such high importance that in the face of them a correlation of the 
Zewan beds with the upper carboniferous series of other countries can hardly be 
questioned. To this may yet be added another fact, pointing in the same direction, 
and this is the absence of any species in the whole list which has hitherto only 
been met with in strata of a lower carboniferous age. 

Though the question as to the age of the Zowan beds may thus be settled in a 
general way, it is hardly possible to decide to which particular horison of the upper 
carboniferous series in the standard stratigraphio scale those beds may correspond. 
In elucidating this point it will bo necessary to deal first with the relations which 
exist between the fauna of the Zewan beds and the faunsa of anthracolitbio deposits 
of other countries. 

A tolerably large percentage of species, at least 16 out of the 45 species, quoted 
in the preceding list, are peculiar to the fauna of the Zewan beds. The majority 
among them are, however, closely allied to carboniferous forms, as has been 
indicated in the special descriptions. Nevertheless one-third of the entire Zewan 
fauna appears to be made up of species which have not been found hitherto 
outside the Kashmir territory. But their importance from a Btratigraphic point 
of view is considerably lessened by the fact that one of them only, Spirifer 
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Lyiekkeri, is among the chief leading fossils of the Zewan beds. All tbe rest of 
leading fossils are well known anthracolithic species, viz. .— 

Product™ tcmiretie*lat*i, Mart. 
Derby ia cf. mUU , Phill. 
JUfru lubtiliia. Hall. 
Spir(ferina ef. KeiUuekcntit, Shum. 
8pirifer MtiakheyUnti* , David*. 

„ Rqjak, Salt. 
Protoretcpora ampta, Lonsd. 

One of the most striking features of the Zewan fauna is their comparatively 
slight affinity to any of the faunae of the 8alt Range Productus limestone. 
Five species only are identical, three of which have not been quite safely deter- 
mined. These species are the following : — 

Prod«ctut Cora, d'Orb. 

„ imiretieulattu. Mart. 

„ ef. longiepintu, Sow. 
8pirifer M*4aikeyleniit, Divide. 
Camaropkoria cf. Purdoni, David*. 

An affinity to the fauna of the Productus limestone of the Salt Range is 
further indicated by a small number of forms, whioh are very closely allied to Salt 
Range species. Such species are : — 

Stropkalotin $p. tad., off. eottata, Waag. 

» cf. C) tenuitpina, Waag. 
Lfltouia tp. ind. 

Mvmttria ef. (f) grondicMta, David*. 
Ducina Kathmeritnext, David.. 

These are rather Blight affinities only. Much more close are the relations to 
the carboniferous deposits of Europe. Chiefly the list of Froducti from the Zewan 
beds contains a large number of European carboniferous forms. Ten species are 
directly identical, but the number of species probably identical is increased to 
17, if such forms are included as are marked in the above quoted list as "cf " only. 
Tbe species pointing to European affinities are the following :— 

Produeiu* Cora, d'Orb. 

„ KHdatmi, Defrance. 
„ umiretienlal*,, Mart. 
„ ef. longupiitut, Sow. 
„ ef. teabrieniui, Mart. 
„ ef. tpi nuiotut, Sow. 

ptutmlotttt, Phill. 
„ p**etat*i, Mart 
„ aculeate, Mart 
Derby ia ef. tenHii, Phill. 
Alhyrit $*btMU, Hall. 
„ cf. expmia, Phill. 
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Spiri/tr ef. t rtMujuUm, M«iu 

„ iluiaiieyifi', I'nvi h. 
flij»c*W/« tripUx, M'Coy. 
Camarofkona ef. Pur&mi, D»»idi. 
IHtlanw kattet mm, 8ow. 

This predominance of European carboniferous types is a very remarkable fart. 
It is the more astonishing if we take into consideration that very close relations 
exist between the faunae of Chitichun No. I and of the Salt Range Productus 
limestone, more than one-half of the entire brachiopod fauna of Chitichun No. I 
being oomposed of identical species. 

There are similar relations between the faunae of the Zewan beds of Kashmir 
and of Loping in China, as between the former and the faunae of European 
carboniferous deposits. 8even or eight species are probably identical, and the 
number of very closely allied forms is still larger. The fauna of the Zewdn beds 
certainly boars a greater similarity to that of Loping than to any of the Salt Range 
faunae, though the latter region is geographically less distant. 

A third element in the faunae of the Zewan beds is constituted by a few forms 
which point to an affinity with the carboniferous fauna of Australia. These Austra- 
lian affinities are indicated by the following species : — 

Spirtfer Ljdeiieri, Dien. 
Mortinioptii (?) tp. i*d., aff. tvbradUte, Sow. 
Proloretcfiara aupU, Lonad. 
FwtUlU tp. i*d„ af. fottula, Lonad. 
„ tp. ind., iff. inttrnaU, Lontd. 

Among these fire species Protoretepora ampla only is actually identical with 
an Australian carboniferous type. Spirifer Lydekkeri is very closely allied to Sp. 
Clarkei, de Kon. The determination of the specimen, figured on PI. VI, Fig. 9, 
of the present memoir, as Martinioptu, is not beyond all doubt. The two species 
of Fenestella may probably have their nearest allies in the carboniferous rocks of 
Australia, but their exact identification is impossible, owing to the unsatisfactory 
state of preservation of my materials available for examination. 

Another Himalayan species identical with an Australian form is Slrophalotia 
Gerardit King, but the geological age of the beds in which the Himalayan type 
specimen was oollocted by Dr. Gerard is unfortunately unknown. 

The faunistic affinities between the Zewdn beds of Kashmir and the carboni- 
ferous deposits of Australia, as indicated by the above-mentioned fossils, appear 
therefore to be very slight only. They are certainly less strongly marked than 
the Australian affinities of the fauna contained in the Comtlaria nodules and in the 
Hurydetma sandstones of the Salt Range. Nevertheless I consider them to be of 
no small geological importance, because similar affinities are entirely absent in the 
Productus limestone. 

A correlation of the Zewan beds with the lower speckled sandstone of the Salt 
Range has been advocated by Waagen. Although Davidson's description of the 
brachiopoda, collected by Godwin-Austen, was only available to him as a base for 
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correlation, be justly noticed the predominance of European carboniferous types in 
the Kashmir fauna, and correctly inferred that the Zewan beds should be placed 
rather high in the carboniferous series, " that they should either be placed on a 
level with the lower speckled sandstone of the Salt Eange, or else they should 
be considered as intermediate in age between the latter beds and the lower Pro- 
ductus limestone (Amb beds).'* 1 

The remarkable palaeontological separation of the faunffi of the Zewan and Amb 
bods is indeed no evidence in favour of a correlation of these two rock-groups. 
So far as the testimony of fossils in the correlation of the faunas of two distant 
regions can be relied on to the extent and with the precision which our ability to 
interpret them will permit, the predominance of European and the slight admixture 
of Australian types point to a goological horizon slightly lower in age than the 
Amb beds. A correlation with the lower speckled sandstone is nevertheless yet far 
from being established safely. Only by obtaining new and abundant materials 
and giving them an exhaustive study could the problem of the relations existing 
between the Kashmir and Salt Range anthracolitbic fauna: be practically solved. 

The question whether the Zewan beds should be placed on a level with the 
Moscovian or Gshclian stages of the carboniferous system in Europe, is likewise 
an open one. Those who try to establish a natural classification of Himalayan 
rooks will probably come to the conclusion that the minor divisions of the car- 
boniferous system, which are thoroughly adapted to the stratigraphic order in 
Eastern Europe, cannot be recognized in the carboniferous series of extra-penin- 
sular India, I seriously doubt that tbo sub-divisions of the upper carboniferous 
strata, which are locally distinguishable in the Ural or in Central Russia, are 
satisfactory for purposes of correlation in the Indian province. All attempts to 
establish a correlation of the Zewan beds with, any of these sub-divisions on 
biological evidence will prove forced and artificial. 

There is yet one horizon among the antliracolithic series of the North-Western 
Himalayas, to which, upon the scanty palseontologionl data available, an upper 
carboniferous age must probably be attributed. This horizon is represented by a 
yunrtz-sandstone, collected in the Ladakh Valley by Lydekker, and containing 
the following fossils :— 

Productut tp. iui. 
Spir\fer Lydekkg'i, Dien. 
Sp.ind.aff. LfJeiitri. 
ConmlarU ttnuirtriata, M'Coy. 

Neither the stratigraphic position of this sandstone nor the locality h mentioned 
in Lydekker's memoir. The assemblage of species strongly exhibits an affinity 
to Australian carboniferous types. Especially the presence of Conularia tenui- 
ttrinla, occurring also in the boulder group of the Salt Range, points in this 
direction. 

A horizon lower in age than all those hitherto mentioned is perhaps indicated 
by the specimen of a crinoidal limestone collected by Stoliczka near Kuling in Spiti, 

1 W. llVejvn, Skit Bens* r.f.::». i. c Vol. IV, &oolcfic»l Benito, p. 166. 
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This rock specimen yielded two forms of Syriugothyru ctapidata, Mart., a very 
common mountain limestone form in Western Europe. There is some probability 
of the specimen hating been derived from the crinoid limestone horizon, which 
Oriesbach has proved to form the base of the carboniferous series in tho Central 
Himalayas, and which he correlated with the lower carboniferous beds of the 
European standard. 

This is all I am able to say with regard to the faunistic features of the anthra- 
colithic series in Kashmir and 8piti My indications are rather vague, I regret to 
say, and the results of my studies less certain than I could have wished. But it 
must be borne in mind that in many instances the exact stratigraphic position of 
the fossils entrusted to me for examination was not known, and that it would 
require a personal study of the anthracolithic deposits in titu and the collection of 
extensive materials, exactly to single geological horizons, to obtain safer results. I 
can only express my earnest hope that the interesting problems connected with the 
stratigraphy of the anthracolithio system in the North -Western Himalayas may be 
solved in time by a detailed survey of the Kashmir Valley. If the details of both 
stratigraphy and palaeontology in this district are worked out with sufficient 
minuteness, they may not only permit fuller correlations with the anthracolithic 
system in other parts of the world, but may probably lead to the solution of one of 
the most important problems in the natural history of the anthracolithio epoch, i.e., 
of the relations between the carboniferous deposits of Europe and of Australia. 
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PLATE I. 

Tigs. 1, t. Phulimia, Bp. ind. tit.. siviirirBRA, Pbill. 

Two py gidia from the Zewan beds, N. of Eishmakam, Kashmir Valley ; cotl. 
Lydekker. 

la, 2a natural siae ; 14, 24 twice enlarged. 
Fig. 3. Avicuiopbcteh, sp. iod. 

Right valve from the Zewan beds of EUhmakam, Kashmir Valley ; coll. Lydekkcr. 
Fig. 4. Pbct«!(, ap. ind. 

Left valve from the same locality ; coll. Lydekker. 

Fig. 5. Modiola (?) sp. ind. 

Right valve from the same locality ; cull. Lydekker. 
Figs. 6, 7. Pboductub aculiattb, Martin. 

Zewan bode, Kashmir Valley ; coll. Verchere. 
fla, 7 ventral view 86 lateral view. 
Fig. 3. Pboductub Abichi, Waagen. 

Summit of a ridge N. E. Prongam Tral, Kashmir ; coll. Lydekkor. 
8a ventral view, 84 lateral view. 

Figs. 9, 10. Pboductub tjbdatub, Defrance. 

Two caste of dorsal valves from the Zewan beds, N. of Eishmakam, Kashmir 
Valley; coll. Lydekker. 

Fig. 11. Productus of. uiNQispiNUB, Sow. 

Incomplete ventral valve from the Zewan beds of Barns, Kashmir Valley ; coll 
Lydekker. 

11a ventral view, 11 J front view, lie lateral view. 
Fig. 12. Pboductub coha, d'Orb. 

Ventral valve, Zewan bedB, Barns, Kashmir Valley ; coll. Lydekker. 
12a ventral view, 124 apical view, 12<? lateral view. 
Fig 13. Productus tustuloscs, Phill. 

Cast of a dorsal valve from the Zewan beds of Barns, Kashmir Valley ; coll. 
God win- A us ten. 
13a dorsal view, 134 lateral view. 
Fig. 1+. Productus SBMiarncui.vrus, X r artin. 

Cast of a dorsal valvo from the Zewan beds, N. of Khoonmoo, near Paropur • eoli 
Lydekker. 
14a dorsal view, 1 14 lateral view. 

Figs, lb, 16. Stbophalosia, sp. ind. aff ., S. cosrm, Waagen. 

Two ventral valves from the Zewau I>.<1<, N. of Eishmakam, Kashmir Valley ; eolL 
Lydekkcr. 
15a, 16 ventral view, 154 lateral view. 

Fig. 17. Stbophalosia ef. (?) tehuistin*, Waagen. 

Ventral valve from the Zewan beds of Barus, Kashmir Valley ; coll. Qodwio- 



17* ventral view, 174 lateral view. 




Digitized by Google 



PLATE II. 



Fig*. 1—7. Maboinipbba Himautbbsib, Diener. 

1. veutral valve, with cast of dorsal valve partly visible, from Ruling, Spiti; coll. 

Qriesbaeh. 

la ventral view, 14 lateral view, le apical view. 

2, 3, ventral valves, from Khar, Spiti ; coll. Griesbach. 
2o, 3« ventral view, 2*, 34 front view, S<? apical view. 

4, east of dorsal valve, from Khar, Spiti ; coll. Griesbach. 
4a dorsal view, 44 apical view. 

5, ventral valve from W. summit of ridge, N. E. Prongam Tral, Kashmir ; coll Lydekker. 
5a ventral view, 8>4 lateral view, 5e apical view. 

6, cast of a dorsal valve from the same locality ; coll. Lydekker. 
6a dorsal view, 64 lateral view, «« apical view. 

7, tolerably complete specimen, with both valves preserved, from the Ruling shales of 
the Spiti Valley ; ooll. Gerard. 

7a ventral view, 74 donal view. 

Figs. 8, 9> PaoDUcrcs cf. scabrjculus, Martin. 

8, ventral valve, 9, dorsal valve, both from the Zewan beds of Barus, Kashmir Valley ; 
coll. Lydekkor. 

Fig. 10. PaoDrcius sbmirbticclatus, Martin. 

Internal cast of a vontral valve, Zewan beds, N. of Rhoonmoo, near Pampur, 
Rashmir ; coll. Lydekker. 
Fig. 11. Pboductcs ptoctatos, Martin. 

Ventral valve from the Zewan beds of Barus, Rashmir. 
Fig. 12. PEODnCTCS cf. spikclosus, Sowerby. 

Ventral valvo from the Zewau beds of Barus, Rashmir Valley ; coll. Godwin- 
Austen. 

12a ventral view, 124 lateral view. 
Fig. 13. Chonbtbb Aistbnuna, Davidson. 

Ventral valve from the Zewan beds of Barus. Rashmir Valley ; coll. Godwin- 
Austen. 

13a ventral view, 114 lateral view, 13e apical view. 
Fig. 1*. Cuosbtm obakdicosta, Waagen. 

Ventral valve, from the summit of ridge, N.E. Prongam Tral, Rashmir ; coll. 
Lydekker. 

14a ventral view, 144 lateral view, 14c front view, \U apical view. 
Figs. 15, 16. Lyttonia ep. ind. 

Two casts from the Zewan beds of the Marbal Pass, Kashmir ; colL Lydekker. 
Fig. 17. Stbophoiibsa analoga, Phillips. 

Ventral valve, from W. summit of ridge, N.E. Prongam Tral, Kashmir; coll. 
Lydekker. 

17a veutial view, 174 lateral view. 
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Fijrs. 1—4. SnsiFeR Lyd^kxrhi, Dicner. 

From the Zewin beds, N. of Eisbmakarc, Kashmir Valley ; coll. Lidckker. 
Figs. 5—11. From a quartx-saudBtoue of the Ladakh Valley {exact locality unknown) ; coll. 

Lydekker. 

1, 2a, 3 dorsal valves. 

24 cardinal region, slightly enlarged. 

4, internal cast of a ventral valve, with impressions of cardinal teeth. 

4a ventral view, 46 apical view. 
8, 9, plaster-oasts of external impressions of two ventral valves. Frontal region not 

preserved. 

6, dorsal valve. 

6a dorsal view, 64 lateral view. 

7, dorsal valve, with cardinal region of ventral valve adhering, Lydekker'* type-speoi- 
»en (Mem. Geol. Sarv. of India, Vol. XXII, PI. II, Fig. 4). 

8,11, pla*tcr-caets of external impressions of two dorsal valves. 

10, dorsal valve with musoular impressions preserved. 



PLATE IV. 

Figs. 1—7. Sfiripbs Rajah, Salter. 

1, ventral valve, from Barus, Kashmir Valley; coll. Godwin-Austen, 
t, dorsal view of a specimen from the Spit 1 Valley ; coll. Gerard. 

3, internal cast of a ventral valve, from the Spiti Valley ; ©oil. Gerard. 

4, ventral valve, from Kuling, Spiti ; coll. Grieebaeh. 

5, largest specimen, knovrn to me, from Ruling, Spiti ; coll. Griesbach. 
6a dorsal view, 5b lateral view. 

6, internal aide of a ventral valve, from the Spiti Valley ; coll. StoJicxka. 

7, ventral valve, from the Spiti Valley ; eoll. Gerard. 
Fig. 8. SpiBirra ap. ind., ex aff. Sp. Rajah. 

Dorsal valve from Math, Spiti ; coll. Getsrd. 
Figs. 9, 10. SYBiKQoTHYnis cuspidata, Martin. 

Two specimens from a black, criooidal limestone, Kuling, Spiti ; eolL Stolicaka. 

9, ventral valve. 

9a ventral view, 9i lateral view, 9e apical vjew. 

10, dorsal valve. 

10a dorsal view, 104 lateral view. 
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PLATE V. 

Fig. 1. Sfibipbr Rajah, Salter. 

Dorsal view of a specimen from the Spiti Valley ; coll. Gerard. 

Fig. 2. Sfibipbb ap. ind„ es aft Ltdbbzkbi, Diener. 

Dorsal valve from a quartz-sandstone of the Ladakh Valley, Kashmir ; coll. 
Lydekker. 

Figs. 3—7. Spibifeb MuiAMBytEssis, Davids. 

3, doraal valve from Muth, Spiti ; coll. Stolicaka. 

4, ventral valve from the Spiti Valley ; coll. Gerard. 
6, ventral valve from Khar, Spiti ; coll. Griesbaoh. 

6, ventral valve from the Zcwan bede, Kashmir Valley ; coll. Godwin-Ansten. 

7, internal cut of a ventral valve from the Spiti Valley ; coll. Godwin-Austen. 

Fig. 8. SPIHIPER cf. TBI AHQ ULARI8, Martin. 

Fragment of a dorsal valve, from the Zcw4n beds of Eiebmakam, Kashmir ; coll. 
Lydekker. 

Fig. 9. Spibitbr cf. Nitibksis, Diener. 

Fragment of a ventral valve from Po, Spiti ; coll. Gerard. 
Fig. 10. SmiiBB sp. ind., aff. Mcsakhetlensib. 

Fragment of a ventral valve from the Zewan beds of Kashmir; coll. Godwin- 



Figs. 11, 12. Spibiperika cf. K ektccxbhsis, Shum&rd. 

Two external impra-fiions of dorsal valves, from the Zewan bodi of Ka&hxnir ; coll. 
Verchere. 

12». Reproduction of a pluter-cut taken from the specimen, fig. 12 fl , 



Digitized by Google 




Digitized by Google 



PLATE VI. 

Fig*. 1, 2. Maromifbra Hwalatensjb, Dien. var. 

Two ventral valves from Math, Spiti ; coll. Stoliczk ». 
Fig. 3. Chonetbs Lissarihsis, Diener. 

Ventral valve from Kuling, Spiti ; coll. Stoliczka. 

Sa ventral view, 34 lateral view, 8e apical view. 
Fig. 4. Chonbtbb Barusibksis, Davids. 

Ventral valve from the Zewfa beds of Baths ; coll. Godwin-Austen. 

4a natural size, 44 twice enlarged. 

Figs, 5, 6. Pbbbtia cf. bbmus, Phill. 

5, plaster-cast of internal impression of a dorsal vahre, from the Zewan bed* of Bams ; 
coll. Godwin-A listen. 

6, plaster-cast of external impression of a ventral valve, from the same locality ; colL 
Godwin-Austen. 

Figs. 7, 3. Pbodectcs sjohgomccs, Dinner. 

7, ventral valve, from the Zewan beds of Barns ; coll. Godwin- Austen. 
7a ventral viow, 74 lateral view. 

S, cast of a ventral valve, with parts of the dorsal valve adhering to it, from the same 
locality ; coll. Godwin-Austen. 

Fig. 9. Martiniopsu (?) sp. ind., aff. 8cbbadiata, Sow. 

Fragment of a ventral valve from the Zewan beds of Kashmir ; colL Verchere. 
Fig. 10. fSoMBTRiA (Rbtzia) cf. (?) gbakdicoota, Dav. (an COMPBXS8A ? Meek). 

Fragmentary specimen from the Zewan beds of Eishmakam, Kashmir ; coll. 
Lydekker. 

10a dorsal view, 104 ventral view, 10<r lateral view; all three of natural size. 
lOd ventral view, enlarged. 

Fig. 11. Atbtbib cf. EXP ansa, Phill. 

Ventral (?) valve from the Zewfn beds, N. of Khoonnioo, near Pampur; col). 

Lydekker. 
11a ventral view, 114 lateral view. 
Figs. 12, 14. Athteis Gerardi, Dicner. 

Three ventral valves, from (sandstone partings in the Kuling shales of Po, Spiti ; coll, 

Gerard. 
12a, 13, Ua ventral view. 
124, 144 lateral view. 

Fig. 15. Margisipbba Hiualaybssis, Dien. 

Transverse section of the specimen, figured on PL II, Fig. 1. 
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PLATE VII. 

Fig*. 1—8. ATUTBIS 8UBT1LITA, Hall. 

Three specimens from the Zewan beds of the Kashmir Valley ; coll. Godwin* 
Austen. 

U, 2a, 3a dorsal view, 14 ventral view, 1*, 24, 34 lateral view, U frontal view. 
Fig. 4. Cauabofhoria cf. Poedom, Davids. 

From Kashmir (horizon unknown) ; coll. Lydekker. 
4a dorsal view, 44 ventral view, 4c lateral view. 

1- if. 5, DlELASXA UASTATIM, Sowerby. 

Complete specimen from the Zewan beds of Eishmakam , coll. Lydekker. 
ba dorsal view, 64 ventral view, 5* lateral view, id frontal view. 

Fig. 6. CONDLARIA TEN UISTB LATA, M'Coy. 

Fragment from a quartz-sandstone of the Ladakh Valley, Kashmir ; coll. 
Lydekker. 

C a frontal view, 84 transverse seotion, 6c lateral view ; all of natural size ; U and 6, 
parts of the surface, enlargod. 

Fig. 7. Ac anthoci adia sp. ind. 

Zewau beds, Loodoo, Vihi Valley, Kashmir ; coll. Godwin-Austen. 
Fig. 3. Fesjbstblla sp. aff. rossrLA, Lonsd. 

Colony from the Zewan beds of Kashmir, coll. Collet, showing the non-poriferoua 
face. 

34 twice enlarged. 

Fig. 9. Fbnestella sp. afE. internata, Lonad. 

Colony from Mandakpal, N. W. of Wastarwan ; coll. Lydekker. 
Impression of the poriferous face. 

Fig. 10. Fbotobbtepora ajiplj, Lonsdale. 

Impression of the poriferous face of a colony from the Zewan beds of Mandakj-afc, 
N. W. of Wastarwan ; coll. Lydekker. 



Digitized by Google 




Digitized by Google 



PLATE Vnl. 

F!g. 1. Pkoto * it | to k a iMpLA, Lonsdale. 

A very large colony from the Zenan teds of Mandakpal, N M*. of W'a»Unwnn, 

Kaehmir ; coll. Lvdekker. 
14 transverse section of the polyzoarium. 

Fig. 2. PtOTOEETETOBA AMPI-A, Lonsd. 

Fart of tbe surface of tbe specimen, figured on PI. VII, Fig. 10, enlarge-]. 

Fig, 3. FtSlMr'Li Bp. aff. IWTEBWATA, LiODsd. 

Imrrcetion of ihe poriferous, fate of a colony from the Zenau beds of the Kashmir 
Valley ; coll Collet 
Fig. 4. Fbhesteixa ep. ind., aff. poseula, Lonsd. 

External impression of the poriferooa face of a colony from the Zewan btdi of the 
Kashmir Valley ; coll. Collet. 
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HIMALAYAN fossils. 

Volume I, Part 3- 

THE PERMOCARBONIFEROUS FAUNA OF 
CHITICHUN, No. I. 

BY 

CARL DIENER, Ph.D. 

PBOFE880B OF OEOLOGT AT THE UNIVKE8ITT OF VIENNA. 

INTRODUCTION. 

V 

In the introduction to the chapter " Cephalopoda of the triassic limestone crags 
of Chitichun" in Vol. II, Part 2 of the present work, a short notice of the lime- 
stone crag of Chitichun No. I (17,710 feet) in Ilundds is given. This crag was 
discovered in 1892 by the expedition to Johar, Painkhanda and the adjoining district 
of Hundes, in which C. L. Griesbach, C. S. Middlemiss, and myself took part. 
Even then it was highly probable, that its rich fossil contents were representatives 
of the middle Productus limestone fauna in the Salt Range, although a more 
thorough examination had to be waited for, to form the base of an exact determina- 
tion of their age. Both the large number of forms composing this fauna, which is 
undoubtedly the richest palteozoio fauna hitherto discovered in the Himalayas, and 
the peculiar conditions under which it occurs, have led to a special part of this 
volume being devoted to its description. 

A preliminary note on the geological features of this country, one of the most 
interesting in the Central Himalayas, has been published by C. L. Griesbach in the 
Records of the Geological 8urvey of India for tho year 1893 (Vol. XXVI, Part I, 
page 19). In the Denkschriften der kais. Akadomio dor Wissenschaften in "Wicn 
for the year 1895 (Math. Nat. Classe, LXII, p. 588) I have given a more detailed 
description of the Chitichnn region. It is, however, in tho present memoir only, that 
all the geological conclusions will be collected that may be drawn from a minute 
study of the faunas of the different crags. 

Leaving a discussion of the geological facts to the last chapter of this memoir, 
I shall restrict myself to the following introductory remarks. 

The fauna, which I am going to describe, is contained in a white, partly semi- 
crystalline limestone, alternating with layers of red, arenaceous or earthy lime* 
stones, and lenticular intercalations of a red crinoid limestone. This white limestone 
forms the main mass of tho peak Chitichun No. I (17,740 feet) in the Tibetan area 

8 
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between tho Laptal ranges and the head of the Dharma valley. It is from 300 to 
150 feet in thickness, and apparently rests on Spiti shales or is associated with 
intrusive rocks (diabase propbyrite) which penetrate both the limestone crag and the 
Spiti shales. Tho Spiti shales are very rich in fossils, especially in ammonites of the 
genera SoplUei and Olcottephanut, which, according to information from Dr. Lhlig 
who examined them, mark this division of the Spiti shales as a representative of the 
Herri as stage of South-western Europe. 

Throughout the limostone crag fossils are common, especially brachiopods, 
bryozoa and corals. The two trilobites and the only ammonite, which we have been 
able to secure, came from the upper portion of the block. Although during our 
expedition in 1892 we could only stay about a week at Lochambelkichak encamping 
ground, the starting point for an ascent of Chitiohun No. I, we visited the crag four 
times altogether and succeeded in obtaining finally a very largo suite of fossils, to 
Mr. Middlemiss belonging the honour of having found the first trilobite {PhilUptia 
Middlemisti). 

The fossils arc, as a rule, well preserved, at least such as are contained in the 
white limestone, whereas those which have been collected in the red arenaceous 
layers, are frequently crushed and considerably deformed. A disadvantage in the 
condition of tho majority of fossils is their fragility, owing to the numerous planes 
of cleavage, which intersect them in almost every direction. Nor is the internal 
structure of the brachiopods, the chief constituents of this fauna, accessible to 
observation, with the exception of a very small number of specimens, the rest 
being casts, either hollow or filled by crystals of calcite. 

Before entering into the specific descriptions, I feel obliged to express my most 
sincere gratitude to Professor Waagen, to whom I am greatly indebted for his most 
valuable assistance and advice. 
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DESCRIPTION OF FOSSILS- 

Class: CRUSTACEA. 
Section : Entomostraca. 
Order: TRILOBIT.E. 
Family : P R OETIDJB, Barrande. 
Genus : PHILLIPSIA, Portloek. 

1. PHILLIP8IA MlDDLBMISSI, nov. sp. PI. I, fig 3. 

Ilead and thorax unknown. The single pygidium, by which this species i« 
represented in our collections from Chitichun No. I, was found by Mr. C. 8. 
Middlemiss, in whose honour its specific denomination is proposed. 

The pygidium is considerably broader than long, and strongly vaulted. At 
its anterior border the axial lobe occupies a little more than one third of the entiro 
breadth of the pygidium. Its posterior portion has been partly broken off, but 
from the outlines preserved we may judge, that its extremity was regularly rounded. 
Its profile is of a semicircular shape. 

The axial furrows are distinctly marked in the vicinity of the proximal border 
only. Near the posterior extremity of the axial lobe they gradually disappear. 
The number of axial segments can only be made out approximately. About ten 
coalesced rings, separated by deep furrows, seem to be present. The lateral lobes consist 
of seven or eight pleurae, which terminate within the margin. The lateral lobes are 
regularly arched, the pleura? are simple and united at the margin by a smooth 
rim, which occupies a little more than a third of the breadth of the lobe. 

Neither axis nor pleura? have any ornamentation upon them 

'1 he measurements of this pygidium are as follow : — 



Length of lb* entire pygidium ......... 12 5 mm. 

Breadth „ , „ 16'5 . 

Length of the axial lobe 10/S „ 

Bt eadtli „ * m at <t» anterior margin 6 „ 



Number qf ipeciment examined. -1. 

Bemarh$. — Among British carboniferous trilobites of the genus PhUliptia, Ph. 
Cliffords Woodw. 1 or PA. artieuloia "VVoodw.* might be compared to the present 
species as regards the general outlines and the absence of any ornamentation. But 

• H. Woodward, Monogr.pl. of the Britiih Carboniferom trilobitte : Pal. Soc, 188J-94, p, 89. PL X, fig 8-12. 

• H. Woodward, loc, eiu p. 70, PI. X. fig.. 6. 18. 

B 2 
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Ph. Cliffordi is of a broader shape, its axial lobe is bluntly rounded at the posterior 
extremity, and the lateral pleurae bifurcate as they approach the margins. In 
Ph. articulota the shape of the pygidium and the characters of the axial lobe and 
pleura are very similar, but it differs in possessing a greater number of coalesced 
segments (17) and lateral pleura (13), a feature, which seems sufficient to justify 
the specific separation of the Tibetan specimen. 

From the caudal shields of Griffithides globicepg, PhilL, and Or. obtolelu$, as 
figured by Prof. Woodward, this pygidium differs principally by its simple lateral 
pleura, these being double in the two species mentioned above. OriffltHdes globi- 
cept is, moreover, distinguished by the corrugated character of its axial lobe. 

Among the Russian representatives of the genus Phillipiia, which have been 
described and figured by V. von Moller Ph. Eiohtoaldi Fisch. (Ueber die Trilobiten 
der Steinkohlenformation des Ural, Bull. Soc. imp. dos naturalistcs de Moscou, 
1867, No. I. PL II, fig- 3) somewhat recalls our Tibetan specimen in its outlines 
and in the development of a broad, smooth marginal rim. It differs, however, by 
the granulated character of its surface, and by the presence of flat transverse 
furrows on each of tho lateral pleura?. 

Among the trilobites of the permian Fusulina limestone from Sosio in Sicily 
as figured and described by Gemmellaro (Mem. Soc. ltd. Sci., Napoli, VII I, 
ser. 3a, No. I) there is no species, which might be advantageously compared with 
Ph. Middlemisn. 



Family INDETERMINABLE. 
Genus i CHEIROPYGE, nov. gen. 

Until 1884 no trilobite, in which the pleural ridges of the pygidium extend 
beyond the border, was known from carboniferous or permian rocks. The only 
slight exception from the types possessing a pygidium with definite, even 
outlines, waa Philtpptia lodiensis from the carboniferous deposits of Ohio, as 
described by Meek (Rep. Geol. Surv. Ohio, Vol. II, Pt. II, Palaeontology, 
p. 324, PI. 18, fig. 8). According to Meek, this species is distinguished by the 
" fimbriated character of the posterior and lateral margins of the pygidium." Prof. 
Meek says of this feature : " the segments are continued down and across the sloping 
border, at the edge of which they terminate in little, pointed projections, so as to 
present a fimbriated appearance around the posterior and lateral margins." This 
character is, however, so slight, that it has not been represented in the figure of 
Meek's typo specimen. Nor has Claypole been able to observe tho crenate charac- 
ter of the margin of the pygidium in other specimens of Ph. lodieiuia. 

In 1884, however, Prof. E. W. Claypole described and figured 1 the pygidium 
of a trilobite from tho Cuyahoga shales, the uppermost member of the lower 

» S. W. aaypoU.-0« Uu> occurrence of th* gr DU * Dalmanitf in lb. Low Crbonif •row rook, of Ohio I 
U«ol. M»g. Dtcde iii, 1. 18SH, p. 803 (woodcat fig. i> 
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carboniferous system, of Akron in Ohio. This pjgidium is characterised by the 
absence of any marginal tract, and by its segmcnta being " produced for the most 
part about half their length beyond the marginal lino formed by their union, and 
ending in points, tho third, seventh and ninth produced to double the distance and 
having the appearance of spines." This species has been assigned provisionally to 
tho genus Dalmanitea Barr. (Datwama Emmr.) by its author under the deno- 
mination of Dalmanites (?) Cuyahoga. 

This reference to the genus Dalmania is rather astonishing. In all the typical 
species of Dalmania, which have been described by Barrande, the pygidium is sur- 
rounded by a broad, smooth border, across which the ploune never extend. In 
my opinion, this pygidium from Akron more probably belongs to the subgenus 
Phaeton, Barrande, a section of the genus Proetut. 

A second pygidium of a trilobitc, provided with pleurte extending beyond the 
border, has been collected by myself in the permocarboniferous limestone of Chiti- 
chun No. I. I dare not class tho species, which I propose as the designation 
of this pygidium, in the same genus with Dalmanites (?) Cuyahoga, Claypolc. 
While tho American form may after all bo only a representative of Phaeton, my 
Tibetan species must certainly belong to a new genus, although we must await tho 
discovery of other parts of the carapace for a complete diagnosis of the latter. 

The reasons, which prevent mo from classing this form with any of the hitherto 
known genera of trilobites, will be discussed after a detailed description of itsi 
specific features has been given. 

L Cheikopygb himaxayexsis, now sp. PI. I., fig. 2 a, b, c. 

Dead and thorax unknown. Pygidium nearly as long as broad, distinctly trifo- 
liate, and moderately vaulted. The axis is distinctly markod off from the lateral 
lobes, and is composed of 1 5 coalesced segments. It is strongly conical, with a nearly 
semicircular profile, elevated considerably above the lateral lobes and equalling a 
little more than one third of the ontiro breadth of the pygidium at its anterior end. 

The axial segments are rounded on their tops, and separated by deep furrows, 
which arc as broad as thoir elevated portions. The latter are regularly covered with 
granulations, wliilst the furrows between them remain perfectly smooth. Tho lateral 
lobes aro more flatly curvod than the axis, but are bent down rather abruptly 
towards their margins. No marginal space or limbus is formed. Eaoh of the lateral 
lobes consists of six well defined pleurte, which aro interrupted by deep, narrowly 
rounded depressions. Those pleurte originate as sharp ridges in the furrows, limit- 
ing the axial lobe, broaden considerably-, as they approach the margin, where 
they bend suddenly downwards. The posterior pleurae are broader than the ante- 
rior ones. They are not distinctly carina to, although their profile in general takes 
the shape of a slightly pointed arch. The posterior termination of the axinl lobe 
is surrounded by an axial lappet, which is exactly like the lateral pleurae, but 
slightly exceeds them in width. Both tho lateral pleune and the posterior nxiol 
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lappet are ornamented with numerous rounded granulations of equal size. The 
interpleural depressions are smooth. 

The strong projection of each pleura imparts to tho margin a crenatod appear, 
ance, recalling tho pygidium in Cromus, Barr., of the family of Bncrinuridw. 

The measurements of tho present pygidium are, as follow :— 

Length of tlx entire pygidium It mm. 

Breadth „ 12 * .. 

Length of the axial lobe 8 „ 

Breadth ,. M ■> at it* anterior margin . ..... 45 ,, 

Number of specimens examined. — 1. 

Bemarks.— Among the pygidia of hitherto described trilobites those of tho sub- 
genus Thai ton (Phaetonides), Barr., may be first compared. 

This subgeneric section has been introduced by Barrande for such species of the 
genus Proetus, which are distinguished by a crenated margin of their pygidia. 1 Of 
tho threo spaoios attributed by Barrande to this subgenus, P. Archiaci and P. stria, 
tut arc of upper silurian age, whoreas P. planicauda occurs in deposits of lowest 
devonian age. This last species has been considered by Novak' as the prototype 
of a proper subgenus, Phaetonellut. No axial lappet or pleura is developed on 
the prolongation of the axial lobe, either in the Bohemian species of Phaeton 
or Phaetonellus, or in American Proetus Ferneuili, which, judging from the- figure 
given by Prof. Hall in his Illustrations of Devonian Fossils (PL XV, fig. 18) 
may also belong to Fhailon. On the contrary an emargination of the border 
always corresponds to the posterior termination of the axial lobe. This is the 
first important difference between Phaeton and Cheiropyge. A second difference 
is in the character of tho lateral ploune. In Phaeton they are flat and divided 
by a median furrow, reaching from the axial lobe to tho pointed extremity of 
each segment. So remarkable are these two points of difference, that they not 
only make a reference of the present species to Phaeton impossible, but even in- 
duce me to believe, that Cheiropyge himalayensis belongs to an altogether differ- 
ent family from tho Proetidce. 

A certain resemblance seems to exist between this Tibetan trilobite and a few 
silurian forms, which have been included by Barrande in his genus Cromus, Cromus 
transiens Barrande (Systemc Silurion, p. 828, PI. 43, figs. 18, 19) is a form 
which at a first glance recalls Cheiropyge. This similarity is, however, more 
apparent than real. There is no axial lappet or pleura, but the posterior element of 
the axial lobe is produced towards the margin and bordered on both sides by lateral 
segments. In the external character of the pleurse there are likewise differences, 
which make a distinction easy. The resemblance of tho present specimen to 
pygidia of Cheirurus is still more distant. I do not know of any other genera of 
trilobitcs, which might advantageously be compared with Cheiropyge. Nor am I 

1 J. Barrande. Note* prelimioairw »ur le SritiSme Silurian et lea trilobites Jo Bobome, Loipiig, 1846, p. 62 ; 
Sjitcme Silurien da centre d« la Bobdme, Vol. 1, 1862, p. 433. 

1 O. Ntrik, Verglelchende Studies an einigra Trilobiten ana dem Heroyn too Bieken, Wildnngen, Greifeo- 
etein osd Biihmeo : Paleontotogitobe Abhandlungen, neue Folge, I., 1692. Heft 3, p. 18. 
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able to give any clue as to its systematic position among this order. The character 
of its pygidium is howovor so peculiar, that I beliovo to be justified in establishing 
a new genus, although without the knowledge of the oephalothoraz a satisfactory 
diagnosis of the latter cannot be given. 

MOLLUSCA. 
Class: CEPHALOPODA. 

Ordor: AMMONOIDEA. 
Suborder: AMMONEA LKIOSTRACA. 
Family: OYCLOLOBIDA?, Zittol. 
Genus: POPANOCERAS, Hyatt. 

Subgenus: STACHEOCERAS, Gemmellaro (WAAGENINA, Krotow), 

The genus Popanocera* has been introduced by Hyatt in his Genera of Fossil 
Cephalopods (Proc. Boston Soo. Nat. Hist., XXII, April 1883, p. 337). In this 
genus he included three Russian species, which E. do Verneuil had formerly classed 
among GoniatUei, viz., O. toboleictkyanui, O. kingianut and G. koninckianut, 
and, as " cxtremo form" Arceite* antiqutu, Waagen, from the cephalopoda beds 
of the upper Productus limestone. 

E. von MojsisovicB 1 in his memoir on the triassic faunas of the Arctic region 
accepted Hyatt's genus and gave a moro appropriate diagnosis, referring to it five 
Spitzbcrgon forms and a species from the permian or triassic rocks of Timor, which 
had been described by Boyrich (Monatsber. k. Akad. Wiss. Berlin, 1867, p- 66) 
as Ammonite* megaphyllut and considered as a typo of his group of Megaphylli. 

In the meantime Krotow 1 united three species of Popanoceras, from the Artin- 
skian stage of the Ural Mountains, in a now genus, Waagenia, a name which he 
changed afterwards in Waagenina* as the priority of the former denomination had 
been claimed by Neumayr for a group (hybonoti) of Atpidocera*. 

In 1887 Gemmellaro 4 described and figured a large number of species of Popa- 
iKtcerai from the permian Fusulina limestone of Sosio in Sicily. His examination 
of a very rich material led him to a generic distinction of two groups of forms. 
Popanocera$ ioboletckyanum furnishes the type of the first group, for which the 

' E. .. M&imie; Atkti«h« TriMf.unen : Htm. A«d. Imp. 8ei., St. PMeriWr* •*>. lO, XXXIII. No. 6. 
18S6, p. 68. 

' P. Kro«m, ArtieiVitn it*** K»?*n, 1685, (in Buwun) p. 904 
• M«m. Com. 8#ol. Rum., St. Pfanbonrg, VI, 1SSS, p. 471. 

4 O. Oemmt/la/v, U fmni dri cmlewri coo fwulio* delU nil dtl Finro* Swio, n»IU prorin«» di Palermo, 

1887. F.io.1, p. so- 
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name of Popanoceru is retained, while tho second group, consisting of such spe- 
cies, as are more nearly allied to P. antiquum, Waagen, is elevated to the rank of a 
separate genus, Stacheoceras. To the latter genus likewise belong the forms for- 
merly united in Waagtnia (Waagenina) by Krotow. 

The new genus Stacheoceras has, however, not been accepted without opposition. 
It was rejected by E. von MojsLsovics,' who considered tho characters of difference 
between Stacheoceras and Popanoceras, as enumerated by Gemmellaro, to be of a 
vory subordinate importance and not sufficient for a generic or even subgeneric 
distinction. Karpinsky* came to a similar conclusion in his beautiful momoir on 
the ammonites of the Artinskian stage, and maintained his viow against tho argu- 
ments of Gemmollaro, who actively defended the introduction of a separate genus for 
the group of Popanoceras antiquum in a special appendix 3 to his above quoted 
monograph. A different view of this quostion was however takon by K. A. von 
Zittel, who in his recently published " Elements of Palaeontology "* accepted 
Stacheoceras as a proper genus, although he cannot be considered an advocate of 
too narrowly circumscribed genera. 

In face of the results of tho somewhat contradictory observations of E. von 
Mojsisovics, Gemmellaro and Karpinsky, it can scarcely be denied, that among the 
jwints of difference between Popanoceras and Stacheoceras, as enumerated by 
Gemmellaro, some are either problematical or of only very small importance. This 
remark applies both to the length of the body chamber and to tho charaotor of tho 
sutures. Nevertheless a distinction can bo based on the following characters. 

Stacheoceras is of a more globose shape, turning discoidal only in later stages 
of growth. It is provided with a more delicate sculpture, its ornamentation con- 
sisting of thin radial stria; only, but often distinguished by the presence of varices 
Tho importance of these characters has boon compared by E. von Mojsisovics to 
that of tho differences between two groups of the genus Arcestes, viz., the sections 
of intuslabiati and of subumbilicati. Since the latter groups have meanwhile been 
elevated to tho rank of subgenera by E. von Mojsisovics" himself, 1 do not think 
that this learned author will object any more to a similar treatment of Popanoceras 
and Stacheocerai. 

A subgeneric distinction between Poponocerat and Stacheoceras will certainly 
meet tho approval of palajontologists, who agree with Haug as to tho advisability of 
introducing a special subgmeric designation for the Spitzbergen and Siberian 
species of Popanoceras. For thoso spocios, which are distinguished by a more com- 
plicate sutural line, the name Parapopanoeeras has bocn proposed. 8 

1 E. r. Mojritovici, Ubar crnico arkf who Tri»»— arutuouiteu dee nordlicb.cn Sibirisn: Me*m. Acuui. Imp. Soi., 
St- P&eraboaric, vir. rii, XXX VI, Nj. 5, 18SS, p. 18. 

* A. JCarpintiy. UebfT die Ammonpcn dcr Artinak-Stnfe and eirt'\gt rait denwlbeu vtrwaudtc carbctiiachc furou n 
M<™. Acad. Imp. Sc., K, P«t«r»W,r, rii, XXXVII, No. 2 1887, p. 07, S4. 

* 0\ Gemmellaro, loo. ciU, Ap|>cndif«. Palermo, 1S6S, p. 10. 

« K . A. po» Zilttl, Grondiiig* d«r Pa]«ontologie (PaIibozooIpr*). 1895. p. 108. 

* if. Moj.Uoca. We Cephalopoda d« Hail.UitUr KMfa I Abh.odlgo. K. K. Gool. B. itlaanaUlt VI, ii 
Tbcil, p. 786. 

* E. Ua»g. Le» Aunuonit«a du P. iniienct du Tri.a : Bull. Boo gW. Frwioc, »or. iii, XXII, 1S9I. r . 3W. 
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Another subgenoric denomination will bo found necessary for a species from 
the triassio rocks of British Columbia, which has been described by TVhiteavcs as 
Popattocera* HcCannellV It is readily distinguished from the Spitzbergen species 
of Parapopanoceraa by its very distinctly angulated periphery. The lobes are 
minutoly incised at their base and margins, but the saddles are not distinctly mega- 
phyllio, as is the case in the truo Popcmoceratidce. 

Up to now neither Popanoceraa nor Stacheocerat has been found in deposits 
of an older than permocarboniferous age. In permocarboniferous and permian 
strata of a pelagic fades they are the most common ammonites. 

The occurrence of a species of Stacheocerat in the limestone of Chitichun 
No. I is therefore of no small geological importance, as, in correspondence with 
other evidence, it clearly proves these limestones to be younger than upper car- 
boniferous in age. 



1. PoPAKOCEKAS (8TACnBOCBEAs) TfilMTJRTI, nov. sp. PI. I, fig. 1 a— f. 

Of this beautiful species the chambered portion of the inner whorls of a speci- 
men attaining a diameter of 55 mm. and a few chambered fragments of tho outer 
volutions are available for examination. It belongs to a group of forms, which are 
most nearly allied to Stacheocerat mediterraneum, Qemmellaro (La fauna dci calcari 
con Fusulina, p. 29, PI. IV, fig. 2-6, VII, fig. 11-13) from the permian rocks of 
Sicily. 

In its general shape and outlines my typo specimen is very similar to Stacheo- 
ceras Tiettei, Oemm. (PI. V, fig. 1-8). It is thickly lenticular, with a very narrow 
umbilicus and a broadly rounded siphonal part. The involution of the slowly in- 
creasing whorls is very considerable. The projection of the spiral of the penultimato 
whorl meets the last volution above the middle of the height of the latter. 

The transverse section is broadly oval. The lateral parts arc but slightly 
vaulted, and slope with regularly increasing convexity towards the umbilicus. No 
umbilical edge is developed. In the direction of the siphonal area the lateral parts 
show a very equal curve, and unite with the regularly arched external part without 
any proper demarcation. 

The greatest transverse diameter of the volutions is situated a short distance below 
the middle of their height. 

My specimen is an internal cast without any trace of a sculpture. I am not 
ablo to decide whether the shelly substance was smooth or covered with a delicate 
ornamentation, the fragments of the shelly layer, which have been preserved, being 
too incomplete and, moreover, deteriorated by weathering. But if any sculpture was 
ever present, it must have been but very faint. 
No varices have been noticed. 

i fllMM The fo*«ili of the trii»»ic roeki of Britiih Columbi* : Contribution* to Cuudiac Paleontology, 
Vol 1. Pwt a, M«DU«a, 1888. p. 138, PI. XVIII, fij. 2.3. 
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The following measurements 
to a diameter of 52 mm.:— 



have been taken from the specimen, corresponding 




52 mt 
25 „ 

as s , 



. n 

. 29 



Body chamber.— Unknown. 

Sutures. — The projection of the spiral of the penultimate whorl touches, in the 
last volution, the third lateral lobe at its inner margin. Stacheoceras Trimurti must 
therefore be classed among the species with throo lateral lobes, whereas, as a rule, in 
this subgenus the normal number of lateral lobes (two) prevails. 

The sutural line exhibits the semicircular arrangement, which, according to 
Gemmcllaro, is peculiar to the group of Stacheoceras mediterraneum. It is only in 
the vicinity of the anterior margin of the last volution, that I have succeeded in 
tracing it out entirely. Corresponding to a height of the volution of 27 mm., the 
sutural line is composed of the following elements. 

A very deep and broad siphonal lobe is divided by a median prominence, which 
reaches only half the height of the siphonal saddle. This median prominence is 
slightly enlarged at its top, and interrupted by a broad funnel for the entrance of 
the siphuncle. The two branches of the siphonal lobe, which are very strongly in- 
dividualised, are longer than any of the following lobes. Each of these two branches 
is provided with a secondary indentation. The principal lateral lobe is bipartite. 
All the following lobes are tripartite. The two branches of the principal lateral lobe 
aro quite symmetrically arranged, of equal length, and terminate in sharp points. 
In the following lobes the central indentation is the largest, but the two lateral den- 
tations on each side are as a rule, not symmetrical. 

There are seven auxiliary lobes present. 

The saddles are club shaped, and evenly rounded above. They regularly dimi- 
nish in size from the siphonal saddlo in the direction towards the umbilical suturo. 
This is a type of sutures, to which the term "serial " as proposed by Blake, 1 might 
be advantageously applied. 

In later stages of growth a further complication of the sutural lino is indicated 
by the development of an accessory indentation in eaoh of the two branches of the 
principal lateral lobe. The trifld termination of the following lobes remains however 
unchanged. This character of tho sutural line is clearly developed in the fragment of 
an outer whorl, the height of which can scarcely have been less than 46 mm. As 
this fragment is entirely chambored, the species seems to have attained a rather 
remarkable size. 

Number of specimens examined. — 1. 

Remarks.— Among the Sicilian species of tho subgenus Stacheoceras the present 



one is most nearly allied to St. Tietzei, Gemmellaro, from which it chiefly differs by 
> 1. F. Bias: on da ism of iU oW.Ecitioo of Amnmitet : IV: Gkoi. Ait-, XIII, pt ii. 18M, p 2> 
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the absence of varices, and by the shape of the lobes, which in Gemmellaro's species 
exhibit a bipartite termination- Regarding the character of the sutural line, my 
Tibetan specimen approaches more nearly St. mediterraneum, Gem. In both species 
the siphonal lobe stands deepest and is of an exactly similar shape, the principal la- 
teral lobe is bipartite, while the remaining lobes show a triM termination. The 
only difference consists in the presence of a small accessorial dentation in the outer 
branch of tho principal lateral lobe in St. mediterraneum. In their external charac- 
ters however the two species differ more strongly, the Sicilian form boing provided 
with a comparatively large and funnel shaped umbilicus. 

Regarding tho development of the sutural line there is no species more nearly 
allied to the present one, than Stacheocera* Kraetnopoltkyi, Karp. 1 , (= Waagenina 
tuhinterrupta, Krotow') from tho Artinskian sandstones of Russia. In St. Krassno- 
poltkyi the principal lateral lobe is bipartite and the second lateral lobe tripartite, cor- 
responding to a height of the volution of 4 mm. Corresponding to a height of the 
volution from 7 to 10 mm., accessory dentations are developed in the branches of 
the principal lateral lobe. The number of lateral and auxiliary lobes together is six. 
From a comparison of the development of the sutural line in both species it clearly 
results, that the siphonal and principal lateral lobes show a bipartite arrangement, 
each of them gradually developing accessory dentations, whereas in all the follow 
ing lobes the tendency of a tripartite differentiation prevails. 

A similar character of the sutural lino has been noticed in Stacheocera* Parkeri, 
Heilprin (Proc. Acad. Nat. ScL Philadelphia, 1, 1884, p. 53, fig. 1-2) from the pcrmo- 
carboniferous rocks of Texas, and in Stacheocera* *p. ind. af. Parkeri, Karpinsky 
(Mem Acad. Imp. ScL, St. Petersbourg, p. 75, P!. V, fig. 5) from the Artinskian 
deposits of IRussia. It is a pity, that only incomplete fragments of all these species 
have hitherto been discovered, as the largest specimen of 5V. KratmopoUkyi reaches 
a diameter of scarcely more than 20 mm. A comparison of outlines with Stacheo- 
cera* Trimurti is therefore of very little use, as the globose shape of the Russian 
forms may be peculiar to young individuals only. 

In the Indian zoogeo graphical region the subgenus Stacheocera* is represented by 
three species, the present one from the permocarboniferous rocks of Chitichun No. I, 
St. antiquum, Waagen, from the Jabi beds of the upper Productus limestone of the 
Salt Range, and St. trident, Rothpletz* from the pcrmian rocks of Timor. From 
the two later Bpccics St. Trimurti is easily distinguished. St. antiquum, Waagen (Salt 
Range fossils, I, p. 28, PI. I, fig. 10) is more strongly compressed, and its lateral 
and auxiliary lobes are all proTided with a tripartite termination. In St. triden* 
not only are tho auxiliary and lateral lobes tripartite but even the siphonal lobo 
exhibits a trifid tennination in each of its two branches. 

1 A. Karpinthg, U»b*r di* Amnotiwn in Artimik-Stofe I Ufa. Acod. Imp. goi., St Ptftmboorg, Mr. ju, 
XXXVII, No. 8. 1887, p. 73, PI. V, 6g. 10. 

• A. Sarpinthy, Zot AmaMMtn-VWuM in Aitinik-Stttfo ; MtfUngfa gtel et pal. tir* dn Bull A. ad. Imp. 
Set, Bt P*t«r»bonrg, I, 20 Sot. 1880, p. 70. 

'A .Ro^p/e»»,DwP»na.Tri»fwidJw»-form»tion auf Timor aad Botti: Pal»ODt<*f»pluo», XXXIX, 1802, 
PL IX, %. 4. p. 87, 
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Class : LAMELLI BRANCH I ATA. 

Order : ANISOM Y AH I A, Neumayr. 
Family : TECT1NIDJS, Lam. 

Genus : AVICULOPECTEN, M'Coy. 

1. Aviculopectex am. jabiemsi, "Waagen. PI. I, fig. 4 



Only the cast of a loft valvo is available to me for description. My determina- 
tion as Aviculopecten aff. jabienti is based on tbe fact, that this shell appears to bo 
more nearly allied to this Salt Range species, 1 than to any other form of the present 
genus. An identification is, however, impossible, "Waagen's species itself having 
been founded on a fragmentary specimen, with only the inside of its left valve 
preserved. 

The general outline of tho slightly inflated Bhcll is nearly circular, with continuous 
margins, and of equal height and breadth. The apex is about median in its position, 
shifted but very slightly towards tho anterior portion of the valve, and but slightly 
prominent. It is limited on both sides by very unequal wings, the anterior of which 
is distinctly marked off from the remainder of the shell. The anterior wing is com- 
paratively small, although its exact size cannot be made out, its most prominent por- 
tion having been broken off. The posterior wing is very large, nearly flat, and 
limited on its upper side by a long and straight hinge line. It is broadly cmarginated 
along its posterior margin and terminates in a sharp point, which projects somewhat 
further than the most prominent point of tho posterior sholl margin. 

Tho sculpture consists of numerous (20 to 30) radiating ribs, which are broader 
than the intercostal depressions, separating them. Neither dichotomous, nor interca- 
lated ribs have been observed. They increase considerably in breadth, as they 
approach the ventral margin. The majority of them seems to bo slightly carinate. 
Tho two wings are perfectly smooth. Delicato stria? of growth, extending parallel 
to the margin, are occasionally visible as impressions on the cast. 

My specimen is of very small dimensions. Its measurements are as follows : — 



Apart from its smaller dimensions, my specimen is very similar to A. jabiemii. 
The two forms agree perfectly well in their most characteristic features, tit,, in the 
outlines, in the general character of the sculpture, and in the development of a very 
large and pointed posterior wing. 

1 W. Waageu, Sail Huge fw.il • : P«l. Iodic*. Mr. liii, I. Prodoctoi Liaetton* fowl*, p. 808, PI XXIII, fig. g. 
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Slight differences arc observed in the details of the sculpture. In particular the 
■apparently carinate shape of the broadly vaulted ribs seems to be absent in the Salt 
Range species. The left valve of the true Aviculopecten jabiemis, moreover, seems 
to be still loss inflated, so far as one may judge from Waagen's figure. In 
spite of these differences I do not think the specimen under consideration worthy 
of a proper name, although its identity with Aviculopecten jabiensis is impro- 
bable. But the discovery of better materials, both of the Himalayan shell and of 
the Salt Range species, must be awaited for, before anything positive can be stated 
in this matter. 

Number of specimens examined. — 1. 

Remarks. — Waagen considers Aviculopecten indianensis, Meek and Worthen, 
from the Keokuk group of North America as the probable ancestor of A. jabiensis. 
The singlo fragmentary specimen, on which the latter species has been founded, was 
collected by Waagen in the Cephalopoda beds of the upper Productus limestone. 

Regarding the generic position of Aviculopecten I refer to the description of 
A. hiemalis, Salter, in part 4 of tho present volume. 

This is the only specimen of lamellibranch in the collections from the lime- 
stone crag of Chitichun No. I, which is worth noticing. All the rest are so badly pre- 
served, that no specific description of them can be given. 

MOLLUSCOIDEA. 

Class: BR ACHIOPODA. 

Order: TESTICARDINES, Bronn. 
Suborder: APIIASEROPEGMATA, Waagen. 

Family: PBODVCTIDA1, Gray. 
Subfamily : PRODUCTINJS, Waagen. 

Genus: PRODUCTUS, Sow. 

The genus Productus takes the most important part among the fossils of the 
permocarboniferous limestone crag of Chitichun No. I, in the number of species, 
although, as regards the number of individuals, some species of Athyris {Spin- 
gera) are the most frequent. 

There are altogether nine different species, which must be attributed to this 
genus. Among the subdivisions of Productus, established by L. de Koninck, and 
partly emended by Waagen, five are represented among the fauna of Chitichun 
No. I, viz. the groups of lineati, seniireticulati, spinori, fimbriati and irregulares. 
Although these groups are quite artificial, having been based almost exclusively on 
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the external sculpture, I am obliged to accept them in the following classification, as 
I do not know of any other, based on more sound principles. 

A classified list of the Prodvcti, which have been collected by our expedition in 
the permocarbonif erous limestone crag of Chitichun No. I, is drawn up in the follow- 
ing scheme ; — 

I. Section. Lineati. 

a. Gboup or Pbodvctus Nekkedievi, Vsra. 
1. P. lineatut, Waagan. 

6, Gboup op Pboductus cobrcqatcs, M'Coy. 
2. P. Cora, Orb. 

II. Section. Sbiitrxticttiati. 

e. Gboup op Pboductus «marncoLATOs, Mart. 
3. P. tenireticuUtu*, Mart. 
4. P. bolivitttit, d'Orb. var., ckitickuM**it, nov. Tar. 

d. Gbocp op Pboductcs costatcs, 8ow. 
6. P. ef. nbcottatut, Waagen. 

t PUODDCTCB POBTLOCK1ANC3, Norw. and Piatt. 
6. P.t 



III. Section. Spinosi. 

/. Gboup op Pkoductus Cancbim, Vern. 
7. P. cancrini/ormit, Tschern. 

IT. Section. Fimbeiati. 

$. Group op Pbodcctcs Hcuboldti, Orb. 
8. P. Abicki, Wang. 

Y. Section. Ieebg tjlares. 

*. Gbocp op Pboductcs stbiatus, Fisch. 
9. P. mongolian, nov. *p. 

The majority of species, contained in this list, are identical with such, as occur 
in the Productus limestone of the Salt Range, especially in its middle division. 



I. Section. Lineati. 
a. Gboup of PRODUCTUS NEFTEDIEVI, Vern. 
1. Productus uneatus, Waagen. PI. IV, fig. 2 a-c, 3 a-d, 4 a-d, 5 a-d. 

1862. Product** Cera (dOrbigny), D&Tidion, Quit. J<rarn. Gaol. Soe., XVIII. p. 31. 

1676. P. eora, (Oib), Trautachold, Die Kalkbrucbe von Mittwbkowa, PI. V, fig. 1, p. 53 («jo. exclua). 

188*. P. tintatmt, Waagen, Pal- Indica, aer. xiii. Salt Rang* Fceiill, I, Frodncta* Limeatoae Foaailn, 

PI. LXVI, fig. 1. 8, PL LXVII, fig. 3, p. 673. 
1888. P. !i»*atnt, Tuabera j scbew, Mam, Com. Geol. E al .., St. Patmbourg, 111, No. 4, p. 373. It VII. 

fig. 26, 27. 
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1880. P. l,*,at**, KikiUn. Uim. Com. Q*ol. Kom , St. PUmboat*. V, So. 6, p. 169. 
lW8.P./i.^.«.8eb.n,ri«,Di.fauo.to^ XXXIX. p. 81. 

PI. 1. fttf. 1«-18. Ill, fig. 1. 

This species, which is not rare in the permooaboniferous limestone crag of Chiti- 
chun No. I, agrees well with the figures and descriptions given by Waagen. As has 
been pointed out by this learned author, the shells, united formerly under the deno- 
mination of Product™ Cora, may be conveniently divided into two scries of forms, 
one with a median sinus in the visceral region, and another without any median sinus. 
Our Indian speoies belongs to the first group, of which P. Neffedieti Vcrneuil (Geo- 
logie de la Russio d'Europe, Vol. II, Palcontologio, p. 259, PI. XVIII, fig. 11) 
is considered as a prototype. 

My specimens vary very considerably in size and outlines. They never 
attain as large dimensions as Waagen's typos from the 8alt Range. The largest (PI. 
IV, fig. 4) scarcely exceeds in this respect Schellwien's smaller types from the car- 
nian Fusulina limestone. Specimens with an elongately oval outline are quite 
an exception. As a rule, the length and breadth of the ventral valve are nearly 
equal. Some of my specimens even exhibit a strongly transverse outline, re- 
calling in this respect the North American Productut multittriaftu, Meek (Rep. 
geol. expL fortieth parallel, Washington, 1877, Pt. I, Palaeontology, p. 76, PI. 
VIII, fig. 3) from which they differ by their more shallow sinus. 

The ventral valve is always strongly inflated. In one of my specimens the later- 
al parts expand considerably, below the level of tho hingo line, as has been 
described by Trautschold and "Waagen in specimens from Russia and the Salt 
Range. 

The median sinus of the ventral valve is never strongly marked, although in the 
majority of my specimens it is distinctly developed. But there are certainly transi- 
tional forms between this species and P. Cora, whoso only difference seems to 
be the entire absence of any median sinus. While there are such transitional forms 
between Productut lineaitit and P. Cora among my specimens, no similar ones 
seem to exist between the present species and P. Weypreehti, Toula (Kohlenkalk- 
Fossilen von dor Sudspitze von Spitzbergen, Sitzgsber. Kais. Akad. Wiss. Wien, 
math. nat. CI. LXV1II, November 1873, p. 13, PL V, fig. 2, 3, and Kohlenkalk- 
und Zcchstein-Fossilien aus dem Hornsund an dor 8udwcstkuste von Spitzbergen, 
ibid, LXX, 1874, p. 6, fig. 4) or P. impreitut, Toula (Permoearbon.Fossilion von 
der Westkuste von Spitsbergen, Neues Jahrbuch, 1875, p. 236, PI. V, flg.l), in 
which the median sinus is always considerably deeper, than in any other species of 
the group of Productut Neffedievi, 



The sculpture consists of numerous, delicate, radiating, straightly descending 



stria?, which are occasionally interrupted by irregularly distributed tuborolos. It is 
the presence of these tubercles which serves for a distinction of P. lineatut from 
the very nearly allied P. Neffedievi. I am, however, bound to observe, in agree- 



ment with Nikitin, that transitional forms between the two species seem to exist, as 
in some of my specimens the number of tubercles is but very small. Nor is the 
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concentric sculpture of the wings a constant character, the folds being of a very un>- 
equal strength in different specimens and becoming even quite indistinct. 

The dorsal valve is not known to me. Nor are the internal characters of the 
shell accessible in any of my specimens. 

The measurements from the largest specimen (6g. 4), are approximately, as 
follows .— 

Length of the .hell 24 mm. 

Breadth .,„„ ......... .26, . 

Length of th* hbgelioe 24 ,. 

TLiekoeea of the. ventral v*1t 12 „ 

It has been suggested by Nikitin, that the internal characters of tho Musoovian 
types of P. lineatus might perhaps differ from those of the Salt Range form. But 
as Nikitin himself does not give a detailod description of tho internal structure of 
bis specimens and, notwithstanding his own statement, accepts P. Uneatu$ as inter- 
preted by Waagen, there is, for the present at least, no sufficient reason for a spocific 
separation of the Russian and Indian types of tho specios. 

Jiumber of specimens examined.— 

Remarks. — Productus lineatus is a species of considerable vertical distribution. 
It has been mentioned by TVaagen from the lower Productus limestone, where it is 
however very rare, from tho Virgal and Kalabagh beds of tho middle Productus 
limestone, and from the upper Productus limestone. In Russia the species occurs 
both in the lluscovian and Gshelian stage of tho central coal basin, in the 
Fusulina limestone of tho Ural of upper carboniferous age, and in tho permo- 
carboniferous Artinskian marls. By 8chollwion tho species is quoted from the 
Carnian Fusulina limestone of the Krone in Carinthia of upper carboniferous age 
(Gshelian stago). 

4. Gbotjp of PRODUCTUS CORRUGATUS, M'Coy. 

2. Prodcctts Coba, d'Orbigny (P. pbattenianus, Norw. and Prat.)- PL IV, 

fig. L 

1842. Product™ Cora, d"Orbignj, Voyage dins l'Amenqoe Meridional*, III, pt. nr. raloontologie, p 66. 
PI. V. fig.. 8. 9. 

1864. P. Pratttnianut, Norwood tod Pratten, Jonrn. Acad. Nat. Sci., Philadelphia, aer. it, III. p. 17, 

PL f, fig. 10. 

For list of farther vnonjm*, at* Waageo, Pal. Indies, aer. xiii, Salt Range Foeeili, I, Produc'.u* Limestone 

Fossils, p. 677, to which the following must be added ;— 
1862. Products Cora, Miller, Journal de* Mine*. St. P<5ter*boor|r, p. 179, PI. 9, fig. 8. 
1866. P. riparius, Traulaoh<,ld ( Bull. Soo. Imp. Nat. Moscou, XL, PI. V, fig. L 
U89 . P. Cora, Taelurnjecbew, Mem. Com. Gcol. Bum., St. reWbocrg, III, No. 4, p.-282. 
1892. P. Cora, gebellwien. Die Fauna dea Karnischan Fomlinenkalk., P.heontographic* XXXIX, p. 21, 

PI. Ill, fig. S. 

With the present speoies I identify two ventral valves, which do not exhibit any 
trace of a median sinus, and by this oharaotor diffor remarkably from Productus 
lineatus. Tho presence of a few irregularly scattered spines on the surface marks 
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my specimens as specifically distinct from P. corrugatus, M'Coy (Synopsis of the 
characters of the Carboniferous Limestone Fossils of Ireland, PL XX, fig. 13, 
p. 107), which otherwise shows the same configuration and the same inflation of the 
ventral valve. Traces of indistinct spines may also be observed along the hinge 
line 

My specimens are of nearly equal length and breadth, so far as this can bo 
made out in their incomplete stato of preservation. They aro provided with toler- 
ably spread out wings. Their hinge lino corresponds to tho greatest breadth of 
the shell. 

Conoentric folds or wrinkles are but quite indistinctly dovolopod. The charac- 
ter of the radiating striae, which cover the surface of the valve, is exactly the same 
as in Productus liueatus. 

The specimens aro smallor than tho largest types of P. lineatus from Chitichun 
No. I. The figured specimen is about 18 mm. long, 20 mm. broad, and 12 mm. 
thick, but it is barely possiblo to givo exact measurements, as it has not been pre- 
served entire. Noither tho dorsal valve nor the internal characters aro accessible to 
observation. 

Number of specimens examined.— 2. 

Remarks.— Waagcn refers tho American Productus prattenianus, Norw. and 
Pratt., to tho true P. Cora, but considers the Russian Proil. Cora, Mollcr, as 
specifically distinct from d'Orbigny's species. Tornqxust (Das fossilfiihrcnde Unter- 
carhon am ostliehen Rossborgmassiv in den sud-Vogescn, AhhandU zur geologischcn 
8pecial-Kartc von Elsass-Lothringcn, V. Ileft 4, Strassburg 1895, p. 52) likewise 
asserts that the true P. Cora is probably altogether wanting in the carboniferous 
strata of Europe. 

The Russian authors, who have been working out recently the description of 
the younger palaeozoic faunas of their country, do not, however, follow this view. 
Tschernyschew positively asserts that the Russian examples cannot be distinguished 
from P. Cora, and that they will consequently require to be added to the synonyms 
of d'Orbigny's species. 

Productus Cora, if taken with the definition attributed to this form by the 
Russian geologists, is a species of a rather wide geographical and geological distribu- 
tion. In Russia, it has been found in the Moscovian stage, in the upper Fusulina 
limestone of the Ural where it is the leading fossil of a special horizon, and in the 
Artinskian stage of pcrmoearboniferous age ; in America in tho coal measures of the 
Mississippi valley through tho whole thickness of which it ranges', and in the 
carboniferous and permocarboniferous strata of Missouri, Nebraska, Yarbichambi 
(Bolivia), and Itaituba (Brazil) ; in the Salt Range it occurs off and on through the 
whole vertical extent of the Productus limestone but most numerously at the very 
base of the fossiliforous lower Productus limestone. It has been also obtained by 
Bchellwien from the Carman Fusulina limestone of upper carboniferous age. 

' J/«i in a Kbg-. K.pWion of tfat 40th ptialM, Vol. IV, p. 78. 

B 
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II. Section. Semireticulati. 
c. Group op PRODUCTUS SEMIRETICULATTJS, Mart. 
3. Prodtjotds semibeticulatus, Martin. PI. II, fig. 1, 3, 5, PI. Ill, 1, 2. 

1809. Anomitet ttmiretU*tat»4, Martin, Prtrifieata Derbyenaia, PI. XXXII, fig. 1. 2, PL XXUI, Eg. 4. 
1845. Proiuettu temirrlieulatxu. it Yernenfl, Gcwlogie dt la Rueaie d'Europe, Vol. II, PahSouMog.r, PL 

XVI, fig. 1, »»n PL XVIII, fie. 9, 10. p. Ml 
38-17. Product** trmirtticutaittt, L de Kooinck, Monographic dec g*nree Product™ et Chon*t.-«. PL VIII, 

fig. 1, PL IX, fig. 1, PI. X, fig. 1. p. 83. 
1848. ProJvctut ttmirtticulaluj, Daridaon, Monograph of Briliah Carboniferona Brachiopoda, p. 119, PL 

XL1II. fig. I— 11, PL XLIV, fig. 1-4. 
1874. Producltu ttMirtticutatu; Meek and Harden, Final Report of the U. 8. GeoL Bonrey of Nebraska, 

p. 160. PL V, fig. 7- 

1874. P. wmirtticuladu, Derby, Carboniferoue Brachiopoda of Itaituba, Bull. Cornell UniTereity, Ubaea, 
I, No. 2, p. 47, PI. IV, fig. 8, PI. VI. fig. 18, rL VII, fig.. *. 6. 7, IB, 16. 

1876. P- stmirtiiculatiu. Tool*, Permocarbon-Feuilien ven der Weatkutto Ton Spitibergen, Nrure 
JuLrbueh, p. 231, PL VI, fig I a, b, « (aim d). 

1876. P. temirrticulata; Trcitwhold, Die Kalkbruche Ton Miataebkowa, PI. V, fig. 3. p. 56. 

1677. P. temireticulattu, Meek, Clarence King, Report of the Geological Exploration of the fortieth parallel , 
Vol. IV, PeUsontology. p. 69, PI. VII, fig. 6. 

1883. P. umiretieulattu, Knjter, ObeiLarboniedio Fauna to a Lu| irg, Rkbtbofene China, 1Y. p. 181, PL 

XXV, fig. 1-4. 

1884. P. nmirttieuiattu, Waag en, PaL Indioa, eer. xiii, Bait Range Foeeila, I, Produclus Limestone foeaila, 

p. 679, fig. 22 a, fa, o. 

1889. P. .- r-tienlatun. Teohernyeehew. Mem. Com. Geo). Ran, St. Ptiterebourg, III, No. 4, p. 278. 

1890. P. ttmiretittUatmt, Walther, Ucbrrein* Kohlenkelk-Fauna ana der aegyptiach-arabiaebeB Wuete, 

ZeiUchr. IWeohe Geol. GeeulUeh., XLII, p. 433, PL XXVI, fig. Ml. 
1892. P. temirtticulatut, Sobellwieu, Die Fauna ilea Karniacbeu Fnanlinenkalki, PaleBontogrephioa, XXXIX, 
p. 23, PI. II, fig. L3. 

1892. P. umirtticulaiu,, Rothpleti, Die Perm. Triaa. and Jura-formation auf Timor and Botti, Palawoto- 
grapMo, XXXIX, p. 77. 

1^94. P. ttmiretieuiatut, Schellwim, ITeber eine anjgebliobe Koblenkalkfauna ana der a^gyptiMb-arabiecben 

Wuate, Zeitucbr. Deuteehe Geol. Geaella«h. XLVI, p. 70. 
1696. P. itmireticulaiut, Tornquiat, daa foaailf uhrende Unterrarbon am oatliehen Boaaberg.MaraiT in 

den elid-Vogoaeii, Abhandlgo. rar Geol. Speeiai.Karte Ton Eleaea-Lothringeo, V, Heft 4, p. 60, 

PL XIV, fig. 10, 1J, 

This well known, extremely characteristic and far spread species of the genus 
Produclus is very numerously represented in the permocarbonifcrous limestone of 
the Chitichun crag. The preceding list of synonyms might easily have been enlarged 
considerably, but the quotations given in respect to the present species, are sufficient 
to prove that it is the true Produotut temireticulatus, with which my specimens, I 
believe, must bo identified. 

Notwithstanding the variability of the shells belonging to this species, their 
principal features are always sufficiently characteristic, to make their distinction 
comparatively easy. The majority of the specimens belong to the group of strongly 
sinuated varieties of P. temireticulatut, which in strata of upper carboniferous 
and permocarbonifcrous age considerably predominate over the types with a shallow 
median sinus. Nevertheless the latter shape, which closely resembles the typical 
form of the species, is not altogether absent. The specimen, figured PI. Ill, fig. 2, is 
a representative of this group, being provided with a very shallow, indistinct depres- 
sion along the median portion of its ventr valve. This depression extends only as 
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far as the visceral part, but lower down disappears almost entirely, as in Davidson's 
type specimon (PI. XLIII, fig. I). 1 

The shape, which is most frequently met with among my materials of this 
species from Chitiohun No. I, is the specimen figured PL II, fig. 1. 

In its general outlines it resembles most closely the types of P. gemireticulatus, 
collected by P. von Richthofen near Loping and figured by Kayser, or Trautschold's 
specimen from Miatschkowa, whose dimensions, however, it considerably exceeds. 
It is transversely oval and is provided with a hinge line, which is shorter than 
the greatest breadth of the shell. Tho ventral valve is moderatoly vaulted. Its 
auricula to expansions are distinctly developed, but are not produced beyond the lateral 
margins of the valve. Tho beak is strongly incurved but ovorhangs the bingo line 
but slightly. The apical region is reticulate. The reticulate sculpture extends 
for a distance of 55 mm. from the apex, measured along the curve, or across two- 
thirds of tho length of the valvo, excluding the trail. The radiating ribs, which 
cover the frontal and lateral parts of the sholl, are rather regularly disposed and 
of nearly equal thickness. There aro from 6 to 7 ribs within the space of 10 mm. 
The larger number of ribs are simple. Bifurcating or intercalated ribs are quito an 
exception. The number of spinos is very limited. All my specimens agree pretty 
well in this respect. If any spines do occur, it is upon the wings, in the vicinity of 
the hinge line. 

Tho dorsal valvo is moderately concave. A flat median fold corresponds to tho 
sinus in tho ventral valve. Its ornamentation is exactly of the same character, as 
in the specimen figured by Walthor from tho upper carboniferous limestone of the 
Egyptian desert (PL XXV, fig. lib). 

The majority of the examples, more or loss, closely resemble the specimen 
under consideration. Between this typical form of P. semretioulaiut from the 
Chitichun limestone and the rest of the specimens differences are perceptible, with 
regard to both shape and sculpture. 8ome of them exhibit a very strong geni- 
culation in the lower portions of the two valves, but in the majority the ventral 
valve, at least, is simply semicircularly curved. Their outlines arc rather variable 
although not a single one is elongatcly oval. In one the greatest breadth of the 
•hell ia nearly twice its length, whereas in another the difference between theso 
two dimensions is only insignificant. 

Another character of variability is the depth of the sinus. The presence of 
forms with a shallow sinus, recalling the typical form from the carboniferous 
limestone of Belgium and England, has been mentioned in the preceding description 
of the specios. Between this form (PL III, fig. 2), and the specimen, figured 
PL III, fig. 1, every degree of intermediate shapes may be observed. The latter 
example is characterised by its extraordinarily deep sinus. In this respect it may 
be compared to P. icmireticulatut var. bathykolpoi, Schcllwien (Palseontographica, 
XXXIX, 1892, PL II, fig. 4-10, p. 22), from the upper carboniferous Eusulina 

• Similar .pwimra. bar* b«n motioned by Kirkby from th« cwlmnran. of Pifa at Product- semirtliew 
lm<u nr. Martini. (On tU ooourroiioo uf tuuio* fw.il, ia tlis caftlmMiam of Fife : <Juut. J oar a. UooL Soc., Uc 
lM,ttnr, 18S8, p. 760). 
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limestone of the Carnian Alps. But the smaller size, which Schellwien considers to 
be a constant character of the Carnian variety, is a point of difference between the 
latter and my Tibetan specimen. 

The ornamentation varies with regard to both the width of the ribs and the 
interspaces between them. In an average sized specimen about 60 ribs may be 
counted on the frontal and lateral parts of the ventral valve, 5 to 8 occupying the 
space of 10 mm. 

The dimensions of the species are also extremely variable. The largest specimen 
is 56 mm. in length, and 55 mm. in breadth. The average size of the specimens from 
Chitichun No. I is represented in PI II, fig, 1. The measurements of this specimen 
arc as follows:— 

Length of the .Ml in a etraight lio 47 mm. 

.. k .. along I be cur»e 80 

Breadth of the thel! 61 

Length of the binge line app. Sfi „ 

Tbicknees of the ventral valre 26 ,, 

In this specimen the trail has not been preserved. 
Number of specimen examined. — 20. 

Semarkt. — I scarcely need dwell upon the importance of Product ut temireticu- 
I aim as a fossil of uncommonly wide geographical distribution. Unfortunately its 
geological range is scarcely less extended, as it ranges from the subcarbonifereus 
rocks of North America and from the mountain limestone of Western Europe through 
the carboniferous system into permocarboniferous and probably even permian 
strata (Timor). From the predominance of forms, provided with a deeply impressed 
median sinus, in upper carboniferous and permocarboniferous strata the myth has 
originated, that the form witb a shallow sinus, which is most frequently met with in 
the mountain limestone, is replaced by tho sinuatcd variety in younger horizons. 
But tho examination of my materials from Chitichun No. I gives evidence to the 
contrary, forms with a shallow sinus and strongly sinuated types being indiscrimi- 
nately mixed together in this permocarboniferous fauna. 1 



4. Prodtjcttjs uoliviensis, d'Orbigny, nov. vab., CHmcHUNENsrs. 

PI. II, fig. 2, 4. 

1892 (?) Productm, $p. ini., RothpletJ, Dio Perm- Trine- und Jura-formation auf Timor and Botti. 
Palatograph™. XXXIX. p. 77. PI. X. fig*. 17, 18. 

Much difference of opinion has been expressed as to the specific value of Pro- 
ditctu* boliviemis, Orb. (Voyage dans l'Amerique Meridionalo, III, pt. 4, Palteonto- 
logic, p. 52, PI. IV, fig. 5-9). Some have considered it as only a variety of P. 
eemiretieulatu*, whereas L. de Koninok, Tschernyschew and Nikitin maintained 
it as a separate species. As characters, which may serve for a distinction of the 
two closely allied forms, the strong curvature in the profile of tho spirally inrolled 

1 An hat been mentioned before, epecimena of P. ttmiretitulatiu, which are devoid of »oy lino*, ha to been 
ur cubed by Kirkby from the ooeJmeaauree of Pifr, of upper carbon if eroui age. 
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ventral valve, the deep sinus, the transversely elongated shape, and the presence of 
the distinctly defined, strongly dilated ears have been enumerated by L. de Koninck 
(Mem. 800. Roy. 8ci„ Liege, IV, p. 177, PI. VIII, fig. 2, and Monographic des 
genres Productuset Chonetos, p. 77, PI. VIII, fig. 2 a, b, c), who based his diagnosis 
on d'Orbigny's type specimen from Yarbichambi (near lake Titicaca). 

The last mentioned character seems to bo the most important ono. Schollwien 
(Pahcontographica, XXXIX, p. 23) lays a special stress on this remarkable feature, 
although be quotes P. boliciemii only among the varieties of P. semirelkulatna. 
Nikitin (Mem. Com. Geol. Rush., St. Peterabourg, 1&90, V, No. 5, p. 57) likewise 
considers the "very large wings," combined with the involute 6hape nnd the deep 
sinus, a character of specific value, which permits the separation of P. bolivien$i$ 
from P. temireticulatui. Griinewaldt (Beitrage zur Kenntniss der Bodimentaren 
Gebirgsformationen etc. Mem. Acad. Imp. Sci., St. P6tcrsbourg, 1860, ser. vii, II, 
No. 6, p. 119) in his description of a Produotut from Saraninsk, which he identifies 
with P. Kemireticiilatui, expressly remarks, that this form is distinguished from 
Martin's species by distinctly defined, strongly expanding ears, a character which 
has never been detected in the truo P. aemireticulalut. Ho further states that he 
would undoubtedly have compared this Russian form to P. boliviemh, had not 
the presence of transitional types between the former and the true P. semireti- 
culaliu prevented him from doing so. 

Thus palaeontologists are far from unanimous with reference to the specific or 
varietal rank of P. bolivietuit. I am, however, inclined to believe that both 
L. de Koninck and Nikitin are substantially correct in separating this species 
from P. aemirettculalu*, on account of Hs remarkably well developed auriculato 
expansions, whereas tho othor characters of distinction, enumerated by tho above- 
mentioned authors, appear to me of only somewhat slight importance. 

Among the material from Chitichun No. I a considerable number of specimens 
arc I think, most nearly allied to d'Orbigny's P. bolivientii. They differ from P. 
tetnireticulatus, which is, however, the more common species in the Chitichun 
crag, by their smallor size, the strongly transverse shape, a more delicate sculpture, 
but especially by the presence of unusually expanded ears. Tho ears are more or 
less distinctly marked off from the remainder of the shell and recall the wings of 
P. giganteut, Mart. They are inflated, slightly emarginated and obtusely rounded 
at their extremities. 

Both the curvature of the profile and the depth of the sinus are as variable as 
in P. tetnireticulatus. The ventral valve, figured PI. II, fig. 4, resembles closely 
Nikitin's type specimen from Gshel. (loc. cit. PI. I, fig. 4). It is strongly in- 
rolled, with a slightly flattened space not far from tho apex, which extends almost 
as far as the reticulate portion of the valve. It is provided with a deep median 
sinus, whose shape seems to have been somewhat altered by pressure, and with a 
distinctly prominent beak. In the specimen, figured PI. II, fig. 2, the profile of the 
ventral valve is less strongly curved, and the sinus but shallow. The unusually 
expanded oars recall the figures of P. giganteut, given by L. de Koninck on PI. II 
of his monograph of the genera Productut and Chonetet. 
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A third specinion is much more strongly inflated than the two figured types. 
Its ventral valve is regularly vaulted, and of a simple semiglohose shape, like 
d'Orbigny's type specimen of P. boliviemit, or the Russian examples from Saranin.sk, 
described and figured by Griinewaldt (loc. cit. PL III, fig. 1). 

In the Tibetan specimens the sculpture is much more delicate than in types of 
P. temireliculatut of the same size, and also more delicato than in any of the figures, 
which have hitherto been given, of P. bolivientig. 

The longitudinal ribs are less thick than in Nikitin's type specimen from Gshel. 
They occur to the number of 12 to 15 to a space of 10 mm. at least in the vicinity 
of the front margin, where they augment considerably, mostly by bifurcation. In 
tho reticulate portion of the valve about ten longitudinal strias occupy a breadth 
of 10 mm. They are but slightly surpassed in width by the concentric wrinkles. 
The longitudinal ribs are occasionally flexuous. The spines are irregularly scat- 
tered on the surface of the shell and of unequal size. 

The large number of longitudinal stria-, which, according to tho figures given 
by L. de Koninck and Nikitin, do not seem to agree with the true average characters 
of d'Orbigny's species, may be found a sufficient reason for distinguishing my Tibetan 
examples by a proper varietal denomination. I think, the name P. boliviemit 
var. chitichunentu might be advantageously retained for them, in order to mark 
their sufficiently well defined differences from d'Orbigny's typical form. 

The dorsal valve is strongly concave. A shallow median fold is not always pro- 
Bent. Both in its shape and sculpture it is very similar to the dorsal valve in P. 
temireliculatut. 

The measurements from the specimen PI. II, fig. 4, which are however approxi- 
mate only, on account of its incomplete state, are as follows 



The internal characters of this species arc not known to me, nor can I find any 
notice of them in the descriptions of the abovemcntioned authors. 
Number of specimens examined. —6, 

Remarks. — In his monograph of tho permian and mesozoic fossils from Timor, 
Rothpletz described and figured two specimens of a Product m, which cortainly belong 
to the section of semireliculati, but differ from the true P. temireticulatM by 
their much more delicate ornamentation, 12 to 16 radial striae occupying a space 
of 10 mm , i.e., nearly twioe as many as in Martin's species. Rothpletz, although 
considering this Produaius to bo a proper species, quotes it only as Product ut tp. 
ind. on account of tho incomplete stato of his specimens. I am inclined to 
believo that this species may prove identical with my Tibetan variety of P. bolivi- 
entti, but the fragments from Timor are too imperfectly preserved to establish their 
identity with full certainty. 

The geographical and geological distribution of the true P. boliviensi$ is but 
imperfectly known. The species has been mentioned from tho coalmeasures of 
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Yarbiohambi in Bolivia and of Missouri (Norwood and Pratten), from the upper 
carboniferous limestone of Central Russia and of tho Ural Mountains (Tscherny- 
sohew), and from tho Artinskian horizon of permocarboniferous ago. 

d. Group of PRODUCTTJS COSTATUS, Sowerby. 
5. Productus of. subcostatcs, "Waagcn. PI. II, fig. 6 a, b, e. 

1881. Produelm $ubrctlatut, Wa>g*n, P«L India*, Mr. liii, Salt Range Fo»»iU, I, Producttu Limestone PoaiiU, 
r . m, PL LXVII, fig.. 4, 6, PI. LXYIII, Bg*. 1, 2, PL LXIX, fig. 4. 

The rather badly preserved cast of a dorsal valve with a portion of its trail 
which is alono available for description, agrees pretty weU with the figures of the 
present species, as given by Waagen. An identification is however not possible, 
on account of the insufficiency of the material. 

As it is the cast of tho valve which is represented in tho figure, its shape and 
sculpture are just the reverse of what they would be if tho shell wore visible from 
the outer side. If we describe it as from the outer side of the shell, it exhibits a 
transversely elongated, regularly concave shape, with a blunt geniculation marking 
off tho trail from the remainder of tho valve. A median fold is distinctly developed 
in the frontal region of the visceral part and extends over the trail, apparently 
corresponding to a deep and rather narrow sinus in the ventral valve. 

The wings are flat and distinctly separated from the visceral part. They arc 
covered with concentric wrinkles, which contrast sharply with the strong radial 
plications of tho trail. There are 28 radial ribs presont. The visceral part of the 
valve is strongly reticulate. The figure 6c gives a tolerably clear idea of this sort of 
sculpture. The deep grooves along the inner margin of the wings, which Waagcn 
considers to be the most singular feature in the dorsal valve of P. tubcoitattu, are 
distinctly indicated. 

As the present shell agrees in every respect with P. tubcottatut, I think myself 
justified in provisionally attributing it to Waagen's species, without venturing 
however to pronounce it identical with the latter. 

Remarks. — P. $ubcoitatus has been collected by Waagen in the Virgai beds of 
the middle Product us limestone and in the Ehund ghat beds of the upper Produotus 
limestone of the Salt Range. It is a raro species and has not as yet been discovered 
outside the Punjab. 

e. Group op PRODUCTUS PORTLOCKIANU8, Norw. and Pratt. 
6. Product i s gratiosus, Waagcn. PI. Ill, figs. 3—7. 

1866- PnJmetm lemirttieulatu* (Mart.), Poyrioli, UoWr rino KohUnkulkfaana too Timor, Abhtndlgn. 

K. Akad. Wna. Borlio, 1864, PI. II, fLg. 8. 
1834. Pnd. gratioiut, Waagen, Pul. Iudka, t*r. liii, Salt Range Po»»fl», I, Prod acta* Liraastooo Fowiu, 

p. Ml, PL LXXU, fig*. 8-7. 
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1692. Prod, gratiotti, Rothjil-ti. Die Perm* Trias- en J Ji-ra-furrc.it im »uf Timor and Kotti, Patawnto- 

graphioa, XXXIX, p. 76, PL X, fig. 15. 
1898. Prod, gratiotu* w. oeeirftntalis. Sohell -»ien, Die Fanon d#* Karni»ehen Faaalinenkalka, Palwoit. 

tograpfaio. XXXIX p. 27, PI. Ill, fig. ft-B. PL VIII, fig. 85. 

This elegant species is one of the most common typos of the genus Produetui 
in the pcrmocarboniferous limestone of Chitichun No. L The figures given on 
PL III of this memoir show on the ono hand the absolute identity of the Tibetan 
and Salt Range specimens, and on the other hand the groat variability of the species. 

The largest specimen (fig. 5) is exactly of tho same size as the largest type of 
this species which Waagen has met with from the Produotus limestono of the 
Punjab. But in tho Chitichun crag, as in tho Salt Range or in tho permian rocks 
of Timor, specimens of so large dimensions are quite tho exception. 

Regarding the general characters of P. graliosus, which can scarcely bo con- 
founded with any other species of the genus, I have but very littlo to add to 
"Waagcn's description. 

The ventral valve is always strongly inflated, slightly goniculatod, and provided 
with a deep but comparatively narrow sinus, which originates in tho immediate 
vicinity of the apex. In one of my specimens (fig. 7) tho sinus is extraordinarily 
deep, considerably deeper than in any of tho types from tho Punjab. Tho ears 
are small, but distinctly defined, if they have been preserved at all, which is 
Irowover rarely the case. The delicate reticulation is conGnod to tho apical region. 
The strongly profiled radial ribs converge towards tho mesial sinus and bifurcate 
rather frequently. The specimen fig. 6 is a good example of this sort of sculpture. 
Tho spines arc very thin and numerous, but can only bo observed in perfectly 
preserved specimens (fig. 4). On the casts the place of insertion of the spines is 
marked by small grooves, resembling the impressions of a sharp needle (fig. 3). 

Tho dorsal valve is concave and provided with a prominent median fold. The 
reticulation extends considerably nearer to the front than in the ventral valve. 
The fan shaped character of the longitudinal ribs is very weU oxlubited in the- 
figured specimen (fig. 3). 

The measurements of my largest specimen are as follows :— 

Length of tbe ahall in a airtight lina 27 mm. 

„ ,. „ „ akna the curva • 68 „ 

Breadth of the thell . . 22 

Tliickneae of the ventral \ajve . 17 „ 

Notwithstanding the great variability of my specimens, there is not a single 
one among them, agreeing with P. gratiosus var. occidental, Schellw., from the 
Carnian Alps. The prominent ridges, which in the Carman typos mark off the 
wings from the remainder of tho ventral valve, havo not bocn noticed in my Tibetan 
shells. Thus the Alpine variety seems to be distinguished from the typical form of 
the specios by a constant, though rather subordinate cliaractor. 

flumber of specimens examined.— 21. 

Remarks. — Productu) graliosus is most numerously represented in the middle 
division of the Salt Rango Productus limestono. It is rare, both in tho Katta beds. 
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and in the upper Productus limestone. In the lower Product us limestone it has 
not been discovered. Rothpletz recognised the species among the permian fossils 
from Timor. A variation of the true P. gratiotut has been collected by Schellwien 
in the upper carboniferous Pusulina limestone of the Carnian Alps. 

The affinities of our species to P. portlockianut, Norw. and Pratt., P. long it- 
pinut, Sow., P. griffithianut, de Kon., and P. cottatut, Sow., have been fully discuss- 
ed by Waagen, Schellwien and Rothpletz. Regarding this subject I consequently 
rofor to the monographs of these authors quoted above. 

III. Section. Spinosi. 
/. Gbocp of PRODUCTUS CANCRINI, Verneuil. 
7. Productus CANCBrNrFORMis, Tscbernyschew. PL IV, figs. 6 a, b, 7 a-d. 

1889. Produrttu caacri*ifbmu, TWbernjuohaw, Allgemeirja tr<i...b>gt,cho Karte von Buaaland, Plait 139. 

fk-achreibang da* Central Ural und Am Weaubban^r, , tltm. Com. Gaol, Sua*., St. Petaraboaig, 

III, No. 4, p. 873. pi. VII, fig*. 33. 33. 
18SW. P. eunerimifarmit, Dien«r, Pal. Iridic*, a»r. xr. Himalayan r*ofiila, I pt if. The ptrmiao fanu* of tba 

Product** .balaa, ate-, p. 81. PI. I. fig*, 7-lft, 
For ■ oomplat* liat of ijiioovini I refer to th» memoir. 

This oharacteristic species is represented in my collection from Chitichun No. I 
by two incomplete ventral valves, agreeing very well with Tsohernyschew's type 
specimens, for the loan of which I am greatly indebted to Professor Th. Tscherny- 
schew of St. Petersburg. They aro of the same size as the latter, and are consider- 
ably larger than the average sized specimens from tho Himalayan Productus shales. 

The better preserved of my two examples particularly resembles in its shape and 
sculpture Tscbernyschew 's typo specimen from tho Jtfjns River (fig. 38). Their 
only difference consists in the larger number of tho wrinkled, concentric folds, which 
extend from tho wings and lateral margins across the entire shell. Otherwise the 
ornamentation is of exactly the same pattern, consisting of numorous delicate striaa 
and elongated spines. A few small erect spines are placed along the hinge line. A 
median sinus is completely absent. 

In my second specimen tho surface has been more strongly weathered. In its 
sculpture therefore the concentric wrinkles remain as the only predominant features. 

I do not hositate to identify these specimens with P. cancrintformit, although, 
without the knowledge of the dorsal valve, it is rather difficult to make their deter- 
mination with sufficient accuracy. There is especially one species in the American 
coalmeasuros of Nebraska, which strongly resembles P. cancriniformit, and this is 
P. pertenuit, Meek and Hayden (Final Report of the U. 8. Geol. Survey of Nebraska, 
p. lf>t, PL I, fig. U, PL VIII, fig. 9). According to Tschornyschew, the two species 
can In.- distinguished only by the shape of the dorsal valve, which is flat and strongly 
geniculate in P. cancrintformit, whereas it is strongly curved in P. pertenuit. Never- 
theless I am not inclined to assign my specimens from Chitichun to the American 
species. P. pertenuit is always small, the largest specimens reaching a length of 
about 15 mm. only, whereas in my specimens the entire length of the shell is more 

■ 
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than 20 mm. Nor are the concentric 'wrinkles so strongly denned in any of the 
types figured by Moek and Hayden as in P. cancrin\formi». 

If the larger number of concentric folds should prove a constant character in 
the form from Chitichun No. I, it may be considered desirable to distinguish it from 
the typical Prod, cancrinifortni* by a varietal denomination. For the present, 
however, this difference appears to mo of too small importance to make the shell 
under description a distinct variety. 

The measurements of the more complete specimen (fig. 7) are the following :— 

Length of the .bell in ■ straight iio 24 mm. 

„ ,. m along tho curie 43 ., 

Breadth of the shell 24 „ 

Thickneaa of the ventral rslve 11 „ 

Number of specimen! examined. — 2. 

Btmark$.— Tschernyschew's type specimens of this characteristic species were 
obtained from the Artinskian horizon of the Ural Mountains. Sohcllwien mentions 
it from the upper carboniferous Fusulina limestone of the Carnian Alps in Carintbia. 
It is a common fossil in the permian Productus shales of the Central Himalayas. 
In Central Asia it has been collected by Bogdanowitsch in the brachiopod bearing 
limestone near the Gussass River (Western Kwen Lun) of pormocarboniferous or 
permian age. 



IV. Section. Fimbriate 
g. Group op PRODUCTUS HUMBOLDTI, d'Orb. 
8. Productus Abichi, Waagen. PI. Ill, fig. 8 a d. 

1862. Prorf«efwH»»ooW<i.(a Orb.)DaTidiio n ,Q n «rt. Joarn. GeoL 800., London, XVIII. p. 88, PI. II. 

fig. 6. 

1863. P. Mumholdti, (d'Orb.) Davidson in L. do Kooiock. Memoirs eurlea foeailaa r alootoique* recueilli* 

dan* rinds, p. 3°. PI. XII, fig. 6. 

1878. P. icabricvlu* (Martin) Abick, Qeologisehe Foraehnngen in den Kankaainobea Lsodern, 6d. I, 

Uobtr eine Btrgkalk fauna aos dor Araxea-Enge bei Djonlfa, p. S3, Taf. V, fig. 3. 

1879. Strophalotia herrttctn; {Vera.) T. MCJler, Usbcr die kalbrologw.be Stdlang in jungereo paico- 

soiseben SobidrtensYeteme too Djoulfa in Armenian, Neuee Jabrbuch. p. 283, 334. 
1863. Product** KumbMti, (d-Orb.) Ljdeklwr, Qvtogf of the Kashmir snd Cbauibs, Territories and of 

the British district of Kbdghin, Mem. Geol. 8ur». Ind., XXII, PI. II, fg. 3. 
1884. P. Abiehii Waagen, Pal. Indies, ser. xiii, Salt Range roasila, I Produetna Limestone Fossils, 

p. 887, PL LXXIV, fig. 1-7. 
1892. P. Abieki, Botbphrtx, Die Perm- Trias- nnd Jars-formation auf Timor und Eotti, Pslwontogrsphicsi, 

XXXIX. p. 78. pi X, fig. 20. 

This species, which has been excellontly described by Waagen, is represented in 
the materials from Chitichun No. I, by two ventral valves, the smaller of which, 
though slightly weathered, is sufficiently well preserved to allow its identification 
with certainty. 
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The specimen under consideration is rather strongly inflated, recalling in this 
respect the one figured hy Waagen, PI. LXXIV, fig. 7. It is hut slightly broader 
than long, provided with a distinct median sinus and with Tery small barely 
flattened wings. From the latter the sides ascend rather abruptly to the flattened 
visceral portion of the valve. The hinge line is considerably shorter than the great- 
est breadth of the shell. The apex is attenuated, strongly bent over, but scarcely 
overhanging the hinge line. 

The sculpture exhibits the characteristic quincuncial arrangement of the numer- 
ous, coarse, elongated and club shaped tubercles, which is a peculiar feature of 
this elegant species. The difference in the ornamentation of the visceral portion and 
of the lateral parts of tho valve is not so strongly marked in my two specimens as 
in the majority of Waagen's types from the Salt Bange. In the larger of my speci- 
mens, which is, however, only an internal cast with its surface deteriorated by 
weathering, numerous and strong, imbricating stria? of growth are developed near 
the lateral and frontal margins. In the smaller specimen this concentric sculpture 
is confined to the frontal portion of the valve. 

Tho measurements of this latter specimen are as follows : — 

Length of tbs Ttlre in * straight line 87 mm. 

„ „ „ tJnng th« cnrr» 48 „ 

lofthtrilre 80 „ 

I 0( tb« T*)T U „ 

80 „ 



In my monograph of tho fauna of the pormian Product us shales of the Central 
Himalayas (Vol. I, Pt. 4) a species has been described under the denomination of 
Prod, gangetiou* (PI. I, fig. 1-8 ; PI. II, fig. 8), the ventral valve of which most 
perfectly agrees with tliat of P. Abichi in shapo and sculpture. As the differ- 
ences between tho two species consist in the shape and in the internal characters of 
the dorsal valve, the larger size of P. gangeticua is a good character, which may 
serve for a distinction, if one has to deal with ventral valves only. My specimens are 
of the average size of P. Abichi, and I therefore believo to be justified in identifying 
them with the latter species. 

Number of specimen* examined, — 2. 

Remarks.— Productu* Abichi is a characteristic fossil of the middle and upper 
divisions of the Salt Bange Productus limestone. It has boon collected by Waagen 
both in the Virgal and Kalabagh beds, but not in the Eatta beds of the middle Pro- 
ductus limestone. It is known from the permian rocks of Julfa in Armenia and 
of the island of Timor, and does not seem to descend into strata of upper carboni- 
ferous age. The stratigraphical position of the beds in Kashmir, where the species 
has been collected by Lydekkor, is yet doubtful. A discussion of this subject will 
only be possible after tho fossils from Kashmir have been described in detail. 
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V. Section. Irregtjlares. 
h. Group or PRO DUCTUS STRIATUS, Fisch. 
9. Prodtjctcs hongolicus, nov. sp. PI. IV, fig. 8, 9, 10. 

18S3. Proiuctai ef. Cora (Orb), Kurwr. OberekrboniMhe Faaua voq Loping, Riohtoofeni China, IV, p. 184 
PL XXVII, fif. 6. 

A shell belonging to this species has been described by Kayser from the upper 
carboniferous beds of Loping in China, but has been provisionally united with 
Prod, eora, although this author himself was apparently aware of the remarkable 
differences which forbid an identification with d'Orbigny's well known species. In 
his description he correctly mentions tho pointed shape of tho beak, recalling that of 
P. striatus, and the presence of concentric wrinkles crossing the visceral portion of the 
ventral valve, as characters which have never been obsorvod in tho true Prod. Cora. 
He, however, believed, that the general features of the relief of his solitary specimon 
could not bo much relied upon, as it seemed to have been a good deal altered by pres- 
sure, and he consequently considered his material too scanty for establishing a new 
species. 

In 1884 Waagen described two very similar forms from the Productus lime- 
stone of the Salt Range, which had boon originally united with P. striata* by David- 
son, as Prod, compressus and P. mytiloides, and arrived at a satisfactory determi- 
nation of the systematic position of tho Chinese shell among the Producti. 

Among the materials from the permocarhonif erous limestone crag of Chi- 
tichun No. I, there are a few specimens, which, in my opinion, are identical with 
Kayser'8 P. ef. Cora. As this species must receive a new denomination, I intro- 
duce the name of P. mongolicus. There are fairly complete vontral valves and 
the fragment of a dorsal valve accessible to observation. 

Tho goneral shape of tho spocics is nearly triangular, elongated, with an acu- 
minated apex and a rounded front margin. The vontral valve is either strongly 
inflated, as in the specimon fig. 8, or somewhat flattened, as in the specimen fig. 9. 
The curve is more regular in the transverse than in tho longitudinal direction. In the 
latter it is less strongly vaulted, especially so in the vicinity of the apical region. 

In the specimens figs. 9 and 10, tho trail is marked off from the remainder of 
the shell by a blunt geniculation. The wings are small, but distinctly developed, 
though rarely preserved. They are bent down almost vertically, leaving barely 
any room for the development of a straight hinge line, which, properly speaking, 
does neither exist in this species, nor in the very nearly allied P. eomprestm, Waagen 
(Pal. Indica, ser. xiii, I, p. 10, PL LXXXI, fig. 1, 2). The apical region is strongly 
compressed and terminates in a distinctly incurved, Blightly prominent and pointed 
beak. A mesial sinus is entirely absent. The median portion of the valve is always 
strongly convex. 

Tho sculpture iB very characteristic. It consists of delicate, radiating striae, 
which are crossed by broad, prominent, concentric wrinkles. 
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The longitudina strise increase in number considerably by the interpolation of 
other striae which spread out in a very regular manner, always meeting the lateral 
and front margins at right angles. By means of a magnifying glass a system 
of extremely delicate transverse strife may be noticed, which cross the radiating 
sculpture, and are clustered together very closely, exactly as has been represented 
by Kayscr in fig. 5b on PL XXVII of his memoir. The concentric wrinkles are 
by far the most conspicuous foature in the ornamentation of this valve. They are 
tolerably regular, obtusely rounded on their tops, and imbricating towards the apical 
region. They are not restricted to the median portion of the valve, as in P. com- 
presm*, but extend across the wings. A few scattered spines are confined to the 
wings and to the lateral parts in their vicinity. 

The shell is extremely thin and fragile. 

The dorsal valve is distinctly concave, following the curve of the opposite one 
and leaving but very little room between them. As far as I can judge from the 
fragment nt my disposal, its ornamentation is similar to that of the ventral valve. 

The measurements of the smallest of the specimens, which is, however, fairly 
complete, are the following : — 

Length of the eheU in a itmiffht line 21 mm. 

.. » ■• m along the eoire • . • ■ 27 B 

Breadth of the eheU 16 N 

orte of the ventral ralra U „ 

.' of the two »akee from each other . . 2 „ 



Of the internal characters of the species nothing is known to me. 
Xumber of tpeciment examined. — 3. 

Bemarht. — The identity of the Tibetan species with Eayser's specimen from 
Loping may best bo proved by a comparison of the drawings. They agree in every 
respect, even in the minor details of their sculpture. 

In its general appearance this species approaches very nearly Prod, eomprestua 
TVaagen from the middle and upper Productus limestone of the Salt Kange. The 
points of difference between the two forms are of a comparatively small importance. 
The absence of any transverso sculpture on the wings and the smaller size of the 
concentric wrinkles in P. compr€i»u$ are the most oonspiouous ones. As a remark- 
able feature in P. eompretaut, the following is mentioned by Waagen. The ventral 
valve is always so strongly compressed in the apical region, that in a view from 
above the lateral margins are concealed l>elow the overhanging lateral parts of the 
valve. This character has not been noticed in any of my specimens. 

From Prod. mytiloidea,'Waagen. (Pal. Indica, ser. xiii, I, p. 711, PI. LXXX, fig. 
4) which is very closely allied to /'. compt eaaua, our species differs by its larger wings 
and more prominent sculpture. From P. atriatua, Fisher, 1 a common mountain lime- 
stone fossil in England and Belgium, it is distinguished by the Fame characters, 
which led Waagen to the introduction of his two new species from the Salt Eange. 



• L. it Xoni**i, Monojraphie dee t niM Prodtctut et Ckontt,,, PI. I, fig. 1, p. 30. David**, Monograph 
nf the Britiah Carbonifeto.i Bnehiopoda, p. 139. PL XXXIV, iga. 1-6. 
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Subgenus: MAR GIN IFER A, Waagcn. 



1884. ltaraintftra, \V»gen, P»J. Indie, nr. liii, S*lt B*n S e Powil., I, Produetas Limmtone Fot.a«, 



In his monograph of the Productus limestone Braohiopoda "Wangen introduced 
the name Margintfera as a generic designation for such species of Prodttctidce, as 
are distinguished from the true Product* by a strange chambering of the visceral 
part of their shells, produced by prominent shelly ridges, placed vertically on the 
internal surface of the dorsal and within the wings of the ventral valve. 

He admitted the occasional presence of similar internal ridges in some speci- 
mens of Productus longispinus, Sow., and of P. proboscideus, Vera., but insisted on 
the development of these ridges never being anything like that occurring in the 
shells of the Salt Range. The strong development of the ridges, by which in the 
latter species the visceral part of tho shell is girt, seems to him " perfectly sufficient 
for the generic distinction of these forms. Certainly it is as well worthy of notice 
as the existence of an area in Aulosteges or tho like." 

Representatives of this new genus were recognised by him outsido the Salt 
Range only in the pcrmian beds of Julfa (Margintfera tpinosocostala, Abich, and 
M. helica Ab.), and in the North American coalmeasures of Illinois, Missouri and 
Indiana (If. splendens, Norw. and Pratt). 

Tschernyschew (Mem. Com. Geol. Russ., St. PStersbourg, 1889, III, No. 4, 
p. 373—375) accepted "Waagen's new genus and proved it to be rather largely 
represented in the upper carboniferous deposits of the I. 'ml. Nikitin (Mum. Com. 
Geol. Russ., St. Pdtorsbourg, 1890, V, No. 5) however entirely differs from Waagen 
and Tschernyschew in the interpretation of tho species, which the latter authors 
united in tho genus Marginifera. In his opinion the development of circular 
ridges near the line of contact of the two valves is a character of only very small 
importance. This character has been mentioned, moreover, in different species of 
true Prodttcti, as in P. gemireticulatw, Mart., or in P. longispinus, Sow., and might 
probably have been found in many other species of Productus if any attention 
had been paid to it by previous authors. It is a very common character in the 
Russian shells, whioh havo boon identified with Prod, longispinus by Trautschold. 
But the most important evidence against a generic value of these ridges is the 
fact that they are no constant character in spocimens from the same locality and 
geological horizon, which are perfectly identical in every other respect. Nikitin 
therefore believes that those ridges indicate a difference of ago of tho individuals, 
and not a generic distinction. 

Schollwien, who in his monograph of the Brachiopoda from the Carnian 
Fusulina limestone (Palooontographica, XXXIX, 1892) had accepted Waagen's genus 
Marginifera and had introduced a new species, M. pusilla, lias lately given up this 
view on the strength of Nikitin's observations. 1 

> E. SeAellmn, Ueb«r cine tngsblichs Koblenkalk K»ud« m* in HKyptiuh-arabiscbsn WQiU, Zeitschr. 
dtolMbe geol G e ,„ XLVI, ISM, p. 7a 
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Notwithstanding Nikitin's arguments, I prefer to adopt Waagen's view and to 
claim at least a subgencrio rank for the species united by the latter author in his 
genus Marginifera. 

It must be admitted that the peculiarities, which have been considered by 
"Waagen as of generio value in Marginifera, are occasionally developed in true 
Produeti, but it is likewise truo that in none of them, with the possible exception of 
Productut longitpinut, Sow., their development is anything like that in a typical 
Marginifera. The internal ridges in spocimens of P. temireticulatm var. Martini, 
Davidson (Monograph of the British Carboniferous Brachiopoda, PI. XLIII, fig. 8- 
10), to which Nikitin alludes, cannot be compared for a moment with those in any 
Indian Margintfera. Nor can I accept, from my own personal examination of 
Himalayan Marginyfera, Nikitin's supposition that the internal ridges indicate a 
difference of age between single individuals. Having examined about 20 specimens 
of Marginifera typioa from Chitichun No. I, I camo to the conclusion that these 
ridges are a perfectly constant character in individuals of every size, and that in this 
species at least they are a feature, which marks not a certain stage of growth, but 
a distinction between this species and true Produeti. 

That a largo number of the Russian forms, united with Productui longUpinut 
by Trautschold are provided with internal ridges, as distinctly developed as in any 
Marginifera from the Salt Bange or from the Ural Mountains, is no decisive argu- 
ment against the generic or subgenoric rank of Marginifera iteelf. It simply 
proves that this genus (or rather subgenus, as I should prefer to consider it) is largely 
represented among the carboniforous Productidce of Central Russia, as indeed 
has been clearly rocognisod by Tschornyschew, although this fact was not known 
to Waagen at the time when ho was publishing his monograph of the Produc- 
tidce of the Salt Range Productus limestone. 

The only important evidence against a generic or rather subgeneric value of the 
internal ridges in Marginifera is Nikitin's statoment " that, having broken many spe- 
cimens of the so called Productut longitpinut from different Russian localities, he 
found the presence of the ridges to be a very inconstant character, even in specimens 
from the same locality and geological horizon, in specimens otherwise perfectly iden- 
tical, in their outlines, generic and specific features." 

The importance of this argument must not, however, be overrated. It must be 
borne in mind, that within the family of Product ida the generic distinctions are 
altogether difficult and the limits of the different genera rather uncertain on account 
of the existence of transitional forms. Tho characters which are used for a generic 
distinction in this family do not make their appearance suddenly, but are developed 
by degrees. Thus in this family transitional forms are met with rather frequently", 
which barely allow a satisfactory determination of their generic position. Pro- 
ductut, Aulotteget, Strophalotia, Chonetet, Productelh, Dacietiella, Chonetella, 
Probotcidella, Etheridgina, Aulacorkynchut, seem to bear scarcely a less intimate 
relation towards each other, than Marginifera does towards Productut ; so that it is 
not wondorful that transitional forms should be met with botweon Productut and 
Marginifera, in whioh the subgeneric characters of the latter havo not yet been 
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sufficiently developed to mark a constant feature. But 1 do not think that the 
existence of such transitional forms ought to preclude the establishment of a sepa- 
rate subgenus for such species, in which the subgeneric characters of Marginifera 
have become a constant feature. 

There can bo no doubt that in the overwhelming majority of Produeti no inter- 
nal ridges are present similar those in a true Marginifera. It will therefore be 
found convenient to separato these forms, which bear in each valve a projecting 
shelly ridgo, from Productut, and in this way to restrict the bitter genus, which 
already includes a larger number of species than may bo oonveniontly dealt with. 
Nor is tho subgenus Marginifera difficult to recognise, if attention is paid to its 
leading character only, the broken-off shell margin disclosing at once the presence of 
the prominent internal ridges, especially in the vicinity of the wings. 

The distinction between Productut and Marginifera is not based, it is true, 
on such conspicuous characters as in many gonera of brachiopods, and there always 
will remain forms, whose systematic position is rather doubtful. But this case is 
oertainly not worse than in other classes of Molluscoidea or Mollutca. Those who 
have had to describe Ammonoidea or Gastropoda will undoubtedly have felt the 
difficulty in the distinction of gonera or subgenera, but notwithstanding this diffi- 
culty these genera are maintained, and often on tho ground of less striking 
differences than those existing between Productut and Marginifera. Among the 
Ammonoidea especially many genera havo been recently established, which are so 
closely related to each other, that they may bo considered with nearly equal reason 
as different stages of development only of ono and the same group of forms. Though 
tho limits of the different genera may become continually more difficult to trace, 
those distinctions must be made so long as the tendency to a narrower restriction of 
single species and genera prevails among modern palaeontologists. 

In the permocarboniferous limestone crag of Chitiohun No. I, Marginifera is 
represented by a single species, which is identical with one of the most common 
forms of this subgenus in the middle and upper divisions of tho 8alt Range Pro- 
ductus limestone. 

I. Marginifera ttpica, Waagcn. PL IV, fig. 11, 12, 13, PL V, fig. 1, 2. 

. 1862 Product; l<,» 9 upi»», (Sow.), DkridMp, Quart. Journ. G«>L Soc., Loodon, XVII. p. 31. Pi. I, 
fiK. 19. 

1863. Prod vet ui langitpinut (Sow.), Daridaon, in L. de Koninck, Memoir* aur It* fo»iiIe» [ all .-. , ,■■ 

reooeilli* dan* l'lode, p. 37, PI. X, fig. 19. 
1881. Margi»iflra fypiea, Waagen, Pal. Iodic*. Mr. xiii, Salt Rang* Fo-iii, I, Prod acta. Liw*»tone Po**iU, 

p. 717. PI. LXXVI, fig.. 4-7 ; PI. LXVIII. fig. 1. 
1BB9. JT. typica. Ti«h« n T*bf«. Al! K * ra( .i u e gwl^icW KarU Ton Rn«*l*nd. Ill.tt 139. B<«l,r*ibim»; d« 

Csutral-Cral. and dea W.rtabhangea, U6m. Com. GM. Raw., St. PAarabanrg, III, No. 4, p. 374. 

PI. VII. fig. 2J.23.S4, 88. 

The Tibetan specimens agree perfectly with Waagen 's species both in their 
general shape and sculpture, and in the strongly marked development of the inter- 
nal ridges. 

The ventral valve is vory strongly inflated, almost spirally inrolled in the 



Digitized by Google 



BRACniOPODA. 



33 



majority of the specimens. The curve is, as a rule, rather irregular in the longi- 
tudinal direction, tho valve being considerably flattened in tho vicinity of the apex. 
The flattened portion of the valve unites with the remaindor of the visceral part 
either in a regular spiral curve or in an obtusely rounded geniculation. 

The apex is prominent, distinctly pointed and overhanging the hinge line, which 
corresponds to the greatest breadth of the shell. 

Tho wings are rather large, spirally inrollod, and marked off from the lateral 
parts by a distinct furrow. The lateral parts are bent down towards the latter very 
steeply, in larger specimens nearly perpendicularly. If the wings are broken off, as 
is often the case, the general outlines of the shell appear to bo almost square. 

In all the sjiecimens a median sinus is indicated, but it is rather variable in its 
depth and shape. If well developed, it recalls in shape tho typical examples of 
Froductut gradotui. It always originates in tho vicinity of tho apex, and, as a rule, 
reaches its maximum strength near the point at which the valve appears most 
highly elevated above the hingo line. In most of the specimens it becomes more 
shallow in the frontal region, and often disappears completely near the front 
margin. 

The trail is sometimes marked off from the remainder of the shell by a furrow 
or band, corresponding to the internal ridges along the margins of the opposite valve. 

The ridges in the ventral valve, characteristic of the subgenus Marginifera, are 
accessible to observation when the wings have been broken off. They exhibit the 
peculiar crenulated appearance, which has been excellently described and figured by 
"Waagen. 

Tho sculpture consists of numerous, delicate, radial strife, which originate in 
the apex and are nearly parallel for a considerable distance. Towards the front 
tho radial sculpture becomes either quite indistinct, or is replaced by a few broader 
and more elevated ribs, especially so on the lateral portions of the valve. A dis- 
tinct convergence of the radial strito towards the median line of the sinus is rarely 
noticed. In this respect the sculpture of the majority of the Tibetan specimens 
resembles most closely that of Waagen's type from the cephalopod beds of Jabi 
(PI. LXXVI, fig. 5). In the apical region a concentric sculpture is almost invariably 
indicated, but tho concentric strioB aro always but faintly marked and never equal 
in strength the radial sculpture. 

The numl>er of spines, which are scattered all over the surface of this valvo, is 
very variable. They aro howover mostly distributed on the apical region and on the 
lateral parts along the furrow, which separates tho wings from the remainder of the 
valve. 

The dorsal valve (PI. IV, fig. 12) is very deeply ooncave, leaving a comparatively 
small distance bet ween itself and tho opposite valve. Before reaching the ventral 
valve it suddenly flattens, presenting the appearance of a flat band, which passes 
around the anterior and lateral borders. This band, which is about 1 mm. in width, 
corresponds to the internal shelly ridges. The median fold is but very shallow. The 
shelly layer, which is but partially preserved, exhibits an indistinct reticulation in 
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the apical region and traces of a radial sculpture in its anterior portion. Small 
rounded grooves are disseminated irregularly on its surface. The wings are not 
accessible to observation. 

The measurements of an average sized ventral valve with fairly preserved wings 



are as follows :— 

Length of the .1x11 in » iMgM Hm 2S mm. 

■• ■• » »long the eorro SO ., 

BretJlh of the .hell, with the wing, 40 „ 

„ ,, „ „ without the wiog» 28 „ 

Thieltnee* of the TeotnJ raWe 17 ., 

The measurements of a complete specimen (PI. IV, fig. 12), in which the two 
valves have been preserved, but without the wings, are as follows :— 

Length of the (bell in * etraight Um 20 mm. 

., www along the eurre ....... 37 H 

Breadth of the "hell without the wing* 2fl „ 

Length of the doml vaWe 17 „ 

ThiokuMi of the rentral vtlre U ,. 

Ltiitaooe of the two t*1tm in the apieal rrgion ...... 7 ,. 

The shelly substance of both valves is very thin. 
Humber of specimens examitied. — 23. 



Bemarka.—Margintfrra typica is one of the more common species of this sub- 
genus in the Froductus limestone of tho Salt Range. It occurs chiefly in the middle 
and upper divisions of this formation, ranging there from the Katta beds to the 
Cephalopoda (Jabi) beds. It is, however, vory rare in the Katta beds, whilst ia the 
lower Productus limestone no characteristic specimens of tho species have as yet 
been found. 

Tschernyschew collected a good number of types of M. typica in the Artinskian 
horiaon of the Ural Mountains and discovered a second very nearly allied species, 
M. uralica (p. 374, PI. VI, fig. 16-18) in the upper carboniferous Fusulina 
limestone of the Ural. These two species are very similar and agree perfectly in 
their internal characters. The only points of difference between them are tho 
presence of spines along the hinge line and the nearly smooth surface of the Russian 
shell in the vicinity of the lateral and frontal margins. 

Some of Nikitin's specimens of Products longitpinut from the upper carboni- 
ferous strata of Central Russia bear a groat resemblance to Jf, typica, especially 
the specimen figured on PI. I, fig. 8, of his memoir. Nevertheless I dare not 
identify them with the present species, on account of the presence of numerous spines, 
both on the wings and along the hinge line, a character which is absent in M. 
typica, according to Waagen 's description. 

The differences betwoon the Indian shell and its nearest allies, M. pustiUa, 
Schellwien (Palffiontographica, XXIX, p. 20, PI. IV, fig. 18-21), M. uraliea 
Tschernyschew, M. iplendent, Norwood and Pratten (Jour. Ac Nat. Soi. Phila- 
delphia,' III, 1855, p. 11, PI. I, fig. 5), and M. excavata, Waagen (p. 715, PL 
LXXVIII, figs. 2, 3) have been fully discussed by Waagen, Tschernyschew and 
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Schellwion. I therefore need not dwell upon them, but may refer to the memoirs 
of these learned authors. 

Notwithstanding the great resemblance between M. typica and Products 
longitpinut, Waagen believes a distinction of the two species to be possible, even if 
founded on external characters alone. In one respect, however, Waagen's statement 
needs a correction, when he denies the presence of P. longitpinu* in the Productus 
limestone of the Salt Range. Specimens identical with Sowerby's species and differ- 
ent from the true M. typica have been recognised by Schellwien among the fossils 
of the Schlagintwcit collection from the Punjab. 

With Productnt longitpinut and P. temireticulatua a specimen of Margini/era 
lias been identified by Stoliozka, which is most nearly related to 1L typica. The 
differences between the two consist chiefly in the strong reticulation and in the 
presence of a prominent median fold in the dorsal valve of the Himalayan form from 
Kashmir and Spiti. The casts of the dorsal valve were mistaken by Stoliczka for 
Prod, temireiicutafut, whereas he identified tho vontral valves with P. longi- 
tpinut. A detailed description of this spocios for which I shall introduce tho name of 
Margin\fera himalayetuit, will bo given in a special memoir on the authracolitic 
rocks of Kashmir and Spiti (Pt. 2 of the present volume). 

Genus : AULOSTEGES, Helmcrsen. 

To this interesting genus belongs a now spoeios from the pormocarboniferous 
limestone of Chitichun No. I, which, while exhibiting the generic characters of 
Aulottegety differs remarkably from any of tho hitherto described congeneric forms. 
It consequently ought to bo considered as type of a special group. 

1 . Aui/Osteges TiBBTicus, nov. sp. PI. V, figs. 3-6. 

This strange little shell is of a broadly triangular outline, with a semicircular 
front margin. Its ventral valve is moderately inflated, but rather variablo in its 
convexity, which is very unequal in different directions. In its longitudinal direc- 
tion it is but slightly ourvod in the apical region. Then follows a somewhat flattened 
part, which extends half way or more towards tho front, when a blunt genicula- 
tion takes place, the remainder of the valve bonding suddenly down to the 
front line. This geniculation is much more strongly marked, than in Aulotteges 
medlioottianut, Waagen (p. 603, PI. LXII, fig. 1-4), and imparts to the present 
species a very peculiar and characteristic shape. Transversely the curve is more 
regular, being interrupted by a median sinus of variablo depth and width. This 
median sinus originates in the immediate vicinity of the apex and reaches its 
greatest development near tho line of geniculation of tho vontral valve, whereas 
it is but faintly marked in the front margin. 

The apex is always more or less deformed, prominent, and often incurved. It 
is not distinctly pointed. In some of my specimens it looks oxactly, as if it had 
been fixed to a foreign body, whereas in others it does not show any mark of attach- 
ment. 
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The area is either perfectly flat, or a little concave (fig. 6). It is very variable in 
its height and breadth, the specimens (figs. 4 and 6) representing extreme types in 
this respect. It is not reclining, but oither Blightly overhanging (fig. 6) , or forming one 
evon plane with the dorsal valve. On its surface I noticed, in well preserved speci- 
mens, a few striae of growth, running parallel to the hinge line, but no vertical stria- 
tion. The area is interrupted in the middle by a very narrow deltidial fissure, which 
is of nearly equal width for its whole extent, and is closed by a prominent roof shaped 
pseudodeltidium. 

The hinge line is always shorter than the greatest breadth of the shell, but in 
some specimens (fig. 8) nearly approaches the latter in its length. 
No wings are present in this species. 

Tbo sculpture is very peculiar and differs from that of the majority of con- 
generic species in the absence of a dense cover of small spines. The ornamentation 
consists of very numerous concentric strife or wrinkles of unequal strength in the 
apical region and of much more prominent radial plications in the genioulated 
marginal portion of the valvo. The line of geniculation forms a very sharp bound- 
ary between these two types of sculpture. The concentric ornamentation is often 
interrupted by elevated roundish tubercles, which must have supportod thick spines. 
If the shell substance is removed (fig. 6), a delicate, radial plicatiou becomes visible 
on the cast, imparting to the apical region of the valvo a semireticulate appearance. 

1 ho dorsal valve is either perfectly flat or slightly concave, provided with a 
linear area, and a pointed, flat apex. It is covered with vory numerous, deli- 
cate striae, corresponding to the tubercles in the opposite valve, which are hut 
rarely interrupted by grooves. In the immediate vicinity of the lateral and front 
margins a radial plication is combined with this concentric sculpture. 

Of the internal characters of this species nothing is known to me. 

The measurements of two specimens (figs. 3 and 4) are as follows ; — 

I (fig. 8). II (fig. 4). 



Entire length of the ahell 20 mm. 1 9 mm. 

., u h n ., along the eur»e .... 82 „ 25 „ 

Length of the dona) Talve 13'5 „ 14 „ 

Entire breadth of the shell 24'5 „ 22 „ 

Length of the hinge line ...... 21 „ 16 B 

Breadth of the peeudodeltidiam it (be hiogv line . . . 0*5 „ 0-8 ,. 

Entire thiekneae of the aheU 18 „ „ 

Apical angle of the Tentral Talre 97° „ 108* ., 

,. » » ii doraal valve 190° „ 



Number of specimens examined. — 6. 

Remarkt. — The present species cannot be related to any of the forms belonging 
to the group of Aulostegea Wangenheimi, Vera. Nor does any closer relationship 
seem to oxist between A. tibeticut and A. medlicoltianut, Waagen, from the lower 
Productus limestone of the 8alt Range. 

The only shell, which can be compared with our species, is Strophaloiia poyan- 
gentis Kayser (Obercarbonischo Fauna von Loping, in Richthofen's * China,' IV, 
p. 196, PI. XXVIII, fig. 9) from the upper carboniferous limostono of Loping. Tho 
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above quoted figure, which I consider as typical, strongly recalls A. tibeticui. 
The geniculate character of the ventral valve and the strange sculpture are cspc- 
cially similar in tho two shells. Specifically, however, the two forms arc certainly 
distinct, even if Strophiloiia poyangensis should turn out to be no true Strophalma 
but a representative of the genus Aulo$fege». The presence of distinct auricular 
expansions and tho irregular character of tho radial plications in the Chinese species 
make a distinction easy. Nevertheless they certainly ought to be united in the 
same group, if Strophalotia poyangewiii should be found to belong to tho genus 
Auloitcgea. 

Family: LYTTOSIIDJB (Waagen) Zittel. 

In his monograph of the Productus limestone fossils, Waagon (1888) intro- 
duced the subfamily of Lytiomina for the rocoption of two very strange genera, 
Oldhamina and Ltttonia, the nearest allies of which he found among the family of 
Thecideida. 

Of this Bubfamily he gavo the following diagnosis : " Shell of largo size, flat or 
vaulted, attached by the larger valve ; hinge lino straight and short, no area or 
pseudodeltidium ; internally the ventral valve with a median and numerous lateral 
sepia ; dorsal valve rudimentary, forming together with the brachial apparatus one 
strongly lobed, shelly plate, which fits between tho external septa of the large valve." 

The Lyttoniinee have in common with Thecidea and Pterophloio$, which have 
been united by Waagon in tho subfamily of Thecideitue, tho punctuate shell, 
the lobed brachial apparatus, and the attached larger valve. With regard to the 
persistence of these most striking characters Waagen proposed to leave these two 
subfamilies, together with the subfamily of Megathyrina, in the family of Theei- 
deida. 

(Ehlert (Fischer, Manuel do Conchyliologie, Brachiopodes, p. 1327) purified the 
family of the Megathyrinos, which are considered by him as a proper family, but 
again refers the Lyttoniitue to the family of Ihecideidce. K. von Zittel in his " Ele- 
ments of Paleontology " (p. 235) elevated the Lyttoniida to the rank of a family. 
His view has been adopted in tho present memoir. 

Genus: LYTTONIA, Waagen. 
1. Lyttonia mobilib, Waagen. PI. I, fig. 5, 6, 7. 

1683 Lftlvnia mbiti* W«ag*n, Pal. Indie*, nr. xiij, S»lt Ban K e Fo»»il#. I, Product™ Limwlonc tamU, 
p. 8»8. PI. XXIX. XXX, fiu.. 1. JS. 6. 6. 8. 10, 11. 

Among the material from the permocarboniferous limestone of Chitichun No. I, 
there are several fragmonts of a large Lyttonia, whioh I believe to bo identical 
with the present species from the 8alt Range. No complete specimen has been met 
with, but the specimen figured PI. I, fig. 5, is in a sufficiently good state of preserva- 
tion, to exhibit most of the characteristic features, belonging to the shell of 
Lyttunia. 
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This specimen is of a broadly triangular outline, flatly spread out, and firmly 
attached by the underside of its ventral valve for its whole extent. Laterally it is 
strongly bent over, shelly expansions being occasionally noticed a little outside the 
proper margins. In the cardinal regions small fragments of the sbelly substance 
have been preserved. The shell is about one half millimetre in thickness. I have 
not been able to examine its structure. 

On the inner side of the ventral valve a median, longitudinal septum is dis. 
tinctly developed, but is considerably surpassed in sizo by the lateral septa, which 
form high roof-shaped crests. The septa do not reach the lateral margins, but 
are rather suddenly obliterated a short distance from the latter. Thus a narrow, 
smooth rim is formed around the entiro valve along its lateral margins. The septa 
are quite regularly developed and are plaoed symmetrically to the median, longi- 
tudinal septum. The last, rudimentary pair has been considered by Waagon sa 
replaoing the cardinal teeth. Excepting this cardinal pair of septa, twelve lateral 
septa have been noticed in my specimen (fig. 5) on each side of the middle line. 

Of the dorsal valve a few fragments only liavo been preserved. Its shelly sub- 
stance is very thin. Of its internal character the presence of a longitudinal median 
septum is the only one, which I have been able to observe. 

Another specimen, figured PI. I, fig. G, exhibits the internal characters of the 
cardinal portion of a ventral valve. It is likewise remarkable for the regularity of 
the lateral sepia, which are strongly curved upwards in the vicinity of the margins. 

In fig. 7, the fragment of the ventral valve of a very large specimen has been 
represented. In this fragment the porous character of the shelly substance is very 
well exhibited. The pores are distinctly arranged in two zones along both sidos of 
each lateral septum. These zones, which are distinguished by their punctuate or 
grooved sculpture, are equally well visible in Kayser's figure of Lyttonia {Leptodus 
Kayser), Bichlho/eni (Richthofen's " China " IV, PL XXI, fig. 10) from tho upper 
carboniferous limestone of Lo-Ping. 

Number of specimen* examittfd.-~ 5. 

Bemarks, — In my first report on the geology of tho Chitichun crag (Donkschr. 
Kais. Akad. Wiss. "Wien 1835, mat. nat. CI., LXII, p. 589) I considered the 
present species to bo rather nearly allied to Lyttonia tenuis Waagen (PL XXX, 
tigs. 8, -i, 7, 9, p. 401). Waagen himself states L. nobilis and L. tenuis to be very 
similar species, which are not easy to distinguish, especially in fragments. It was 
only after a careful examination of my specimens, that I became convinced of their 
identity with L. nubiUs. Their larger size, tho massive development of the lateral 
septa in the ventral valve, and especially the greater thickness of tho shelly substance, 
fragments of which I only detected after long painstaking, forbid an identification 
with L. tenuis. 

Tho genus Lyttonia is a very peculiar southern type of the family LyttoniuUc. 
It is known from China, from Sicily, 1 from Kashmir, from the Salt Bange, and 

' O. Ormmetlaro, Pull. Sc«. Sei. K»t. »d Boon, P.lwroo, 181)1, No. I, 1882, No. Ill, 1891, No. I. 
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from Chitichun No. I, but has not yet been found outside the subtropical portions 
Europe and Asia. 1 Lyttonia nobilii is common in the Virgal and Kalabagh beds 
of tho middle Productus limestone of the Salt Range, but is absent in any other 
division of the Productus limestone. 

8uborder: HEL1COPEGMATA, Waagen. 

Family : SPWIPERIDM, King. 
8ubfamily: SUESSIIN^, Waagen. 

Genus: 8PIItIFERrNA, d'Orbigny. 

Among the family of Spiriferidcc, which is one of the most natural families 
of this suborder, boing easily recognised by vory remarkable external and internal 
characters, Waagen has distinguished a number of subfamilies, all of which have 
their representatives in tho pormooarboniferous fauna of Chitichun No. I. 

According to him, tho first natural subfamily is formed by a group, of which 
tho genus Spiriferina is the prototype. It is most nearly allied to Davidson's 
family of Nncleotpiridee, being provided with a transverse shelly band connecting 
the primary lamelhe, as in Uncitet, and with a punctuate Bhell, as in tietzia. In 
this group, which were elevated to tho rank of a subfamily, the Suettiitue, by Waagen, 
Spiriferina, Suestia (which is, howovor, provided with a fibrous shell,) Ci/rtina and, 
provisionally, Menttelia were included. The latter genus must, however, be removed 
from the Suewinee and united with tho Martiniina or Reticulariina:, as has been 
proved by Bittner (Abhandl. K. K. Geol. Keichs-Anstalt, Wien, XIV, 1890, 
p. 25). 

In the Chitichun fauna only the genus Spiriferina is represented, by Sp. 
crutata, Schloth., one of the most common and far spread species in carboniferous 
and permian strata. 

1. 8pibifebina cbistata Schlotheim var. octopucata, 8owcrby. PI. VII, 

fig. 5, 6, 7. 

181«. Ttrthratulitt, erisMui, fchloiheim, Denkoobr. K. Akad. Wiea., Munohoo, VI, p. Hi, PL I, tig. J. 

1SS7. Bpirifrr oetoplicrtn. 8ow«rby, Min. Com*., p. ISO, PL o8», tab. 2, 8, 4 

1K87. Spinfrr crUtatut, L. too Boch, Ueber Spirifer oder Del»hvrie, and OrthU, p. 38. 

1813. Sp. erittatmt, L. Jo Kuninck, Dewription Act aoimanx fueeilea, qui M troBTeut dull le terrain oir- 

bcmiKr* d« Belgiqoe, p. J40, PL IV, fig. S. 
l>*5a Trigonrin ' i crirtata. King, Monograph of the pertnian fcwtiU of England, p. 117, PL VIII, fig. Sl-H. 
1851. Sptriftr oetoplieattw, L. de Koniuek, Supplement de la Deaoription del animaai foeaile*, qui >« 

tronrent dm* le terrain earbouifire de U Belgtqtae, p. 858, Pi. XV, fig. 6. 
1858. Spirifrrina erutata, DaTidaon. Monograph BriU.li Permian Brecbiopoda, p. 17. PL I, fige, S7-40, 

45, 46, PL II. fig". 13-48. 

1858. Spirifcriixt erittata nr. aloplieafa, DeviA»on, Monograph British Oarboniferoui Brecbiopoda, 
p. 33, PI. VII, fige. S7-47. 

1 Tbu is not tho one* with OUlamina, which hae a true repre>«utatiYe (O.filici* Kejeerl.) in the carbooiferou. 
roe*, of the Ural i A. de Kejeerling, NoU ear la preeenoe de 1' Oldhamin. dan. la Buaeio. Ball. Cos. flhl, 
Rom., 8t Pewretoorg. 1891. p. 267. 
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1861. Spirifer crittatut, GeiniU, Djae, II, p. 88, PL XVI, fig. 8-10. 

1862. Spiriferina octoplicata, Davidaon, Quart. Joorn. Qto\. Soc, London, XVI II, p. 29, PI I fig*. U 

13, 14, (non 11). 

1S63, Spiriferina octoplieata, DaTidion, io L. de Koninek, Memoir* sar tee (Vmnilc* pnMoxoiqor* reatieilli* 
dw»i 1' Inde, p. 86, PL X, fig*. IS, 13, 14 (non PL IX. fig. 11). 

1863. Spiriferina crittata, 8p. octoplicata, Daridaon, Monograph British Carboniferous Brack top^l* 

Appendix, p. 267, PL LJV, fig*. 10-18. 
1865. Bpirifer crittatut, Btyrieb, Uober eine Kohlenkalkfaun* too Timor, Abhabdl. K. Akni. Win, 
Berlin, 1867, p. 79, PL L fig. 4. 

1876. Spirifer crittatut. Trautaohoid, Die Kalkbritahe von M iatoehkowa, p. 79, FL VIII, fig. fi. 

1877. Spiriferina crittata. White, in Wheeler'* Report anon the U. 8. Geograph. Survey* woet of the tint 

hundredth Meridian. Vol. IV, Palaontology, | 139. PL X. fig. 8. 
1883- Spiriferina crittata, Waagen, Pal. Indiea, ner. xiii, Salt Rang* Fouih, I, ProdiMtoi Limestovr 

Fowil*. p. 499, PL XLIX, fig*. 3-7. 
1884. Spiriferina crittata, WeJeott, Paleontology of the Eureka Dhrtrict Mon. U. 8. Geol. 8 U rrej-, VIII 

p. 818, PL XVIII. fig*. 13-18. 
1887. Spiriferina octoplicata, L. de Koninek, Faune du caleaire earbonifore de la Belgique Ann Mna Roval 

d'hiat. nat. Belgique. 8 erne ptie., p. 100, PL XXII, fig. 32-39. 
1889. Spiriferina crittata, Tachemjiebew, Altgemeine Geologiiebe Karte Ton Bunland, Bl. ]$» Groin. 

gi*obe Beaehreibung de* Central Urala uud de* WeeUbbang*, Mora. Com. Uool. Ru*»„ St Peter*- 

boarg, III, No. 4, p. 278. 

189ft Spiriferina crittata, TeebernTwhe*, Traraui executes au Tiinane en I8B9, Bull. Com. Grfol. Rum. 
p. 83. 

1882. Spiriferina crittata, RothpleU. Die Perm- Trie*- and Jurafomution auf Timor and Botti. Mhh> 
tosraphioa, XXXIX. p. 81. 



Tho identification of the Tibetan specimens with the present species can only 
be maintained, if the latter is accepted in the extension which has been adopted 
by Davidson and Waagen. They agree perfoctly with Waagen's types from 
tho Produotus limestone of the Salt Range, but deviate slightly from tho permian 
Spiriferina cristala, especially from Schlotheim's German Zeohstein types. 

All are of a comparatively large size, and of variable outlines. The greatest 
breadth of the sholl is cither situated at tho hinge lino, or aB in the two specimens, 
figs. 5 and 6, a littlo towards tho front. The area is of variable width and shape, 
more or loss strongly reclining, and provided with a moderately largo triangular 
fissure. As a rule, the lateral margins meet the bingo line in a sharp angle, at 
least in those specimens, in which tho greatest breadth of the shell coincides with 
the hinge line. In some specimens, however (PI. VII, fig. 6), the cardinal angles 
arc almost rounded, not prolonged with acute terminations. 

The ventral valve is as strongly inflated as the dorsal one, and is very reeularly 
curved in both directions. The beak is small, pointed and strongly incurved. In 
the area of the specimen fig. 5, a distinct horizontal striation has been noticed. 

The number of folds varies from eight to ten. The sinus is deep, more than twice 
as broad than the depressions between the adjoining folds, and extending from the 
extremity of the back to the front. In tho two specimens, figs. 5 and 6, it is con- 
siderably produced beyond the frontal level of the lateral portions of the valve, 
whereas in other specimens (fig. 7) this is not the case. It is more or less sharply 
rounded in its bottom, and in one of the specimens | fig. 0) shows a well marked 
tendency to develop a rudimentary median fold. The crests of the folds are 
comparatively high and acutely rounded, exactly as in Waagen 's figures. 
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The dorsal valve is provided with a linear area only. The numher of its folds 
varies from nine to eleven. Tho median fold is always larger than those situated on 
the lateral portions. In specimens with a strongly protracted sinus this fold is 
elevated considerably above the general convexity of the valve. It is but slightly 
flattened on the top, especially so in the vicinity of the front margin, but never 
assumes the obscurely triplicated appearanoo, which lias been obsorvod by Davidson 
in some of his British types of Spirtferina octoplicata. 

In the front of the two valves a few more or less strongly marked, imbri- 
cating strhe of growth are developed in the majority of my specimens. 

Tho coarsely punctuate character of the 6helly substance can easily be observed, 
even with the naked eye. 

A concentric ornamentatioD, as in Spirtferina ineculpta Phill., or in Spiri/e- 
rina tentuckeniit 8hum, is completely absent. 

The measurements of a specimen (fig. 6) with eleven folds on the dorsal valve 



are, as follows :— 

Bntire length of Uw.hc.II SO mm. 

Length of the. do«eJ ndre IS „ 

EniirehrpKhhofthn.hc.il 21 

Length of the hinge lint Hi , 

Thickneo of both t»Ww 13 S „ 

Apical »ngU of the Tentnl emlro 108 s „ 

„ „ doml „ »pp. 125° m 



Number of specimens examined. — 5. 

Bemarkt, — Davidson was inclined to considor Spirtferina crittata, 8ehlothcim 
and Sp. octoplicata, Sow. as specifically idontical, declaring, that " the latter form 
cannot claim to be considered more than a variety of Sp. crittata." In this view 
the majority of palaeontologists agree with Mr. Davidson, with the exception, 
however, of L. de Koninck and Schellwien, who think the differences between the 
two forms sufficient for a specific distinction. 

L. de Koninck lays a special stress on the following characters of difference— the 
permian Spiri/erina crittata is always smaller, the number of its folds is loss, 
rudimentary ribs along the median fold of the dorsal valve are absent, the cardinal 
angles are rounded. 

Both in tho Tibetan and Salt Rnnge types the number of folds is extremely 
variable (from 8 to 14 in tho ventral, from 8 to 19 in tho dorsal valve), but is 
never so small as in some specimens from the German Zechstoin. The cardinal 
angles are either acute or indistinctly rounded. Secondary ribs, which occur at the 
sides of tho median fold in the dorsal valve, have never boon observed. In their 
dimensions they certainly exceed the typical form of Schlotheim's species, and 
approach more nearly the British types of Spirtferina octoplicata. 

A more important difference between Spiriferina cristata and Sp. octoplicata 
than those, which were enumerated by L. de Koninck, has been signalized by 
Schellwien (Die Fauna des Kamischen Fusulinenkalks, Falajontographica, XXXIX, 
1892, p. 50). He draws attention to the peculiar shape of the sinus in specimens 
from the Gorman Zechstein, for which the name of Sp. crittata was first introduced 
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by Schlotheim, and which ought consequently to Bervo as prototypes of this species. 
In a very large number of specimens, which he was able to examine, he invariably 
found the bottom of the sinus forming an even plane and marked off by sharp 
borders from tho adjoining lateral portions. Having myself no sufficient material 
at hand for comparison, I would hardly consider myself warranted in offering any 
deoided opinion as to the specific claims of Spiriferina cristata and Sp. odoplicata. 
If theirspocifio distinction should be found to be maintainable, tho Tibetan spocimens 
ought to be referred to Sp, octoplicata, not to 8chlotheim'8 species. 

Spiriferina cristata, in Davidson's definition of the species, is a form of very 
large geographical and geological distribution. It is not only common in the 
carboniferous and permian rocks of "Western Europe, but has also boon found in tho 
Moscovian stage of Koroptschows in Central Russia, in the upper carboniferous 
and permocarboniferous rocks of tho Ural and Tiinan Mountains, in tho permian 
deposits of Timor, and in the Salt Range, where it reaches through the entire 
thickness of tho Productus limestone series. All tho Asiatic types of this species 
are more nearly allied to Spiriferina octoplicata, than to tho true Sp. cristata. 

To the present species, if taken in the wide extension of Davidson, Waa- 
gen, Bcyrich and Rothplotz, some American shells have been correctly attributed 
by White and Walcott. I am not, howovcr, inclined to accept all the synonyms 
in the list of the lattor author, and must object to tho identification of the shells in 
question with Spiriferina spinoff, Norw. and Pratt., from the Kaskaskia limestone, 
and with Sp. kentuckensis from the coalmcasures of the central and western parts 
of the United States. From the two last mentioned American species the Tibetan 
specimens differ in the absence of spines and of a regular concentric ornamen- 
tation. 

From Hofer Island (Barents Islands, N.W. Novaya Seinlya) Spiriferina crittata 
var. octoplicata has been montionod by Toula (Eine Kohlonkalk-Fauna von den 
Barents Inseln, Sitzungsb. K. Akad. Wiss. TYion, LXXI, 1875, p. 20), but the 
identification was basod on incomplete casts only. 

The sholl from Spitzbcrgen, which has been described by L. dc Koninck 
(Nouvelle notice Bur les fossil es du Spitzbcrge, Ac. Roy. Belg., XVI) as Sp. crutata, 
can scarcely be united with Schlothuim's species, but desorves at least a varietal 
denomination. 

Subfamily : DBLTHYBINjB, Waagen. 

Genus: SPIRIFER, Soworby. 

L. von Buch divided tho forms, which constitute the genus Spirifer proper, 
i.e. the radially plicated forms with a ribrous shell— his group of Sp. alatus—m\o 
two sections, the Osliolati (type, Spirifer ostiolatm, Schloth.) with a smooth 
mesial sinus, and the Jperlurati (typo, Sp. aperturatus, 8chloth ) with a plicated 
mesial sinus. Tho three species, by which tin's genus is represented in tho permo- 
carboniferous fauna of Chitichun No. I, belong exclusively to the section of 
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A perturati. Of these species two occur also in tho ProductuB limestone of the 
Salt Range and in Europe ; those are Spirifer muiakheyletma, Dav., and Sp. 
Wynnei, Waag. The third species, Sp. tibetanui, nov. sp., is peculiar to the 
Chitichun fauna, hut rather nearly related to Sp. rajah, Baiter, from the upper 
carboniferous rocks of Kashmir and Spiti. 

These species may he grouped most conveniently in the following manner :— 

L Gbocp or SriitiFKR fascioeb, Keyserl. 
]. Sp. mwUey'cNtii, Davidson. 

II. Qbocp of Sp. di plicmcost*, Pbill. 
2. Sp. Wynnei, Waageu. 

III. CJRotPOF Spibifke »*i*n, 8alu-r. 
S. Sp. tibttanut nov. »p. 

Spirifer Wynnei and Sp. tibetanui are among the moro common fossils of tho 
material from Chitichun No. I, hut Sp. musakheylemit is a very rare species. 

I. Group of SPIRIFER FASCIGER, Keyserl. 
1. Spirifer muBakheylentia, Davidson. PI. VI, fig. 8. 

1868. Spirifer »«aM#j,/<MM. D.Tid.cm,Q 1 »rt. Joarn. Owl. So*., Loodoo. XVIII, p. 2S.P). II, I,. 3. 

A complote list of synonyms has been given in my monograph of the permian 
fauna of the Productus shales (Pt. 4 of this volume). 

Among the material from Chitichun No. I, there is only a singlo dorsal valve, 
which I rcfor to this species, one of tho most common forms of the genus, both in 
the permian Productus shales of tho Central Himalayas and in the upper carboni- 
ferous rocks of Kashmir and Spiti. 

The present valvo is transversely fusiform, with a hinge line, which is as long 
as tho greatest breadth of the shell. The apex is a little more prominent, than is 
usually tho case in specimens of a similar size, overhanging slightly the very 
narrow, almost linear area. Tho strongly elevated median fold is narrowly rounded 
on its top and is moderately curved in the longitudinal direction. 

The fasciculation of tho ribs is tho most prominent feature in the ornamentation 
of this valvo. 8ix or seven bundles of narrowly roundod ribs can bo distinguished 
on each side of the median fold. Lamelluso stria? of growth havo not been noticed. 

The measurements of this specimen are, as follows : — 



Urgth of tb« doml ™lv 15 mm. 

Br«wlth„ „ 35 „ 

TltwkDtM . ., „ 6 „ 

ApidangU „ »bu 134' . 



Number of tpecimena examined. — 1. 

Remark*. — Tho affinities of Spirifer mutakheylentit to the congeneric species 
of the group of Sp. fatcigcr, Koys., havo boon fully discussed in my memoir on 

p 2 
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the Productus shales fossils, to which I refer for further explanation. In this 
memoir I have explained the reasons, why, in my opinion, a special stress must be 
laid on the rounded shape of the foldB in Sp. mutakheylenait, hut not on the pre* 
sence of the lamellose stria? of growth, which are sometimes missing. Notwith- 
standing their absence, I deemed it pref orablo to identify the present spocimon with 
Davidson's species, rather than Sp. fatciger, on account of the character of its lateral 
folds, which are very flat and wavy, but not acute, as in Griincwaldt's and Tscher- 
nyschew's type specimons of Keysorling's species. 



The rarity of these shells, so common at other localities of the Himalayas, in 
the Chitichun crag, is a rather astonishing fact. 



(tone Fowilt, p. 617, PL XLIV, fig*. 6, 7. 
1889. S P . W 9 n*ei (?), T«h«njKbcw, Uftn. Com. G<Sol. Bu».. St. P<W>o 0 rg, III, No. 4. p. 271, PI. V. 



The differences between this species and the nearly allied Spirtfer duplieicosia 
PhilL (Davidson, Mon. Brit. Carb. Brach., p. 24, PL III, figs. 7-10, PI. IV, 
figs. 3,5-11) from the mountain limestone of "Western Europe hare been clearly 
defined by "Waagen. They consist chiefly in the very small development of the 
median fold and in the presence of a broader, more strongly reclining area in the 
dorsal valve of the median shell. 

The specimens, from Chitichun No. I, agree entirely with "Wangen's types from 
the Salt Bange. The peculiar characters, 60 well displayed in the Punjab examples 
of Sp. Wynnei, can also be observed in tho Tibetan sholls. Owing to the larger 
number of specimens available for examination, the shape has been found more 
variable than was admitted by Waagen. Although the general outline is trans- 
versely oval in the majority of specimens, the length and width of the shell are 
equal in a small number. The hinge line is always shorter than the greatest 
breadth of the shell. The cardinal angles are distinctly rounded. 

Tho ventral valve is always deopor tlian the opposite one. It is provided with 
a broad, concave, strongly reclining area and with a rounded mesial sinus, which 
is very shallow as a rule, but exceptionally is comparatively deep and narrow, as in 
tho specimen fig. 2. 

The radiating ribs are narrowly rounded at their tops, either single, or di- 
chotomous, but never arranged in bundles. Their number is rather variable. 
Strong and erect, concentric lamella? of growth have frequently been noticed. 

In the dorsal valve of this species tbe most characteristic feature is the flat- 
uesB of tho median fold, which, as a rule, is barely marked off from tho lateral 
parts. Waagen's specimen, PL XLIV, fig. 7, most nearly approaches tbe typical 
shape of tho dorsal valve in the Tibetan specimens. Even in Bholls like the ana 




fig. 7, 8. 




BRACmOPODA. 



45 



figured on PL VII, fig. 2, of this memoir, which are provided with a comparatively 
deep sinus, the mesial fold in the dorsal valve is very flat. Specimens, in 
which the mesial fold projects a little ahove the frontal wave of the ventral valve> 
as the ono figured by "Waagen on PL XLIV, fig. 6, are exceptional among the 
material from Chitichun No. I. The flatness of the median fold in the dorsal valve 
of Sp. Wynnei consequently appears to be a constant feature and may appropriately 
serve for a distinction botwoen this Bpooies and Sp. duplicico$ta. 
The sculpture is exactly the same as in the larger valve. 

The presence of strong dental plates in the ventral valve has been noticed. 
Otherwise I can say nothing of the internal characters of this species. 
The measurements of my largest specimen (fig. 1) are, as follows :— 



Entir. Wrgth of lh«lh*U 40 mr 

L* ng lhoflktdor«»l«lT 83 

Entir. bmdth of th* shell 61 „ 

Length of the hinge line 36 „ 

TfalchneMof both t»1tm 23 „ 

Apictl »ng!e of ren'ral ml re 108° „ 

., ,. donaUalv. 181" » 



Number of specimens examined.— 21. 

Remarks. — In the Salt Range, Spirifer Wynnei is a very rare fossil, entirely 
restricted to the Virgal beds of the middlo Productus limestone. A ventral valve, 
collected in the Artinskian deposits of Russia by Professor Tsohcrnyschew, has 
been provisionally assigned to this species. Pen-in Smith quotes Sp. Wynnei, 
from the argillites above the MoCloud limestone in California, which he considers 
to be homotaxial with the topmost carboniferous limestones of the Ural Mountain 
and with the lower part of the Artinskian stage. 1 

III. Group op SPIRIFER RAJAH, Salter. 

8. Spirifer tibeianus, nov. sp. . PL VI, fig. 1-7. 

This characteristic and beautiful species recalls Spirifer ovalis, Phillips (David- 
son, Mon. Brit. Carb. Brach., p. 68, PL IX, fig. 20-26) or Sp. integricosta 
PhflL (ibidem, p. 55, PL IX, fig .13-19) in its general shape and outlines. It 
is longitudinally oval, or, especially in young specimens, nearly semicircular. 
The hinge line is always less than half the width of the shell, with rounded car- 
dinal angles. 

The ventral valve is considerably deeper than the opposite one. Its beak is pro- 
minent and strongly incurved. A mesial sinus of variable width and depth extends 
from the extremity of the beak to the front margin. It invariably reaches its 
maximum near the front, which is not produced beyond the lateral portions in any 
of the specimens. The area is of nearly equal height and width, and so narrow 
that the largo triangular fissure occupies more than half of its entire surface. 

■ Portia Smith, Ufoioie chug* U the biul googrmpby of CilifornU I Jwmnl of Otologr, Chioi«o' 
IIL 18»», p. 373. 
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The sculpture is both very elegant and prominent. The mesial sinus, in the 
centre of which thore exists a narrow, thread-like rib, is bordorcd on each side by a 
large, broadly rounded rib. These two ribs become dichotomous in tho apical 
region and are again subdivided into two smaller ones in the vicinity of the front. 
Tho lateral portions of the valve are ornamontod with six to eight similar ribs on 
each side of these central ribs, which are, however, always tho largest as well as the 
most prominent. Boyond the apical region all the lateral ribs are subdivided into 
two or three smaller ones of irregular strength and width. In the vicinity of the 
cardinal edges the lateral sculpture becomes gradually more indistinct. 

Tho dorsal valve is less strongly convex than tho ventral valve. It is provided 
with a vory small, but distinctly developed area. Tho mesial fold is but slightly 
elevated above tho rogular convexity of tho valve, but nevertheless sufficiently well 
dehned from tho lateral plications. It is comiwsod of a single rib at its origin, and 
continues so to some distance, when it becomes dichotomous. In large specimens 
each of theso two main ribs is again subdivided, before reaching the front. 
The intercostal depressions between tho median fold and the lateral plications are 
ornamented with a smaller rib, which is cither single or dichotomous, but always 
thin and far inferior in strength to tho othor ribs. Tho lateral folds, which occur 
to the number of seven or eight on each side of tho median fold, are all broadly 
rounded, simple at their origin, and incroaso in height and width as they approach 
the margins of tho valve. In young examples they continue as simple ribs to tho 
very margin of the shell; in larger specimens, however, they become dichotomous or 
produce smaller ribs on each of their lateral portions. 

In both valves tho surfaco is almost invariably covered with numerous concen- 
tric lines of growth of irregular strength. 

The internal cliaracters of this species art? not known to mc. 

The measurements, taken from an average sized example (fig. I), are as 
follows :— 

Entire length of the ahull .... ..... mo. 

Length of the doml velve *>g i( 

Grcstcxt breadth uf the shell S3 „ 

Length of the hinge line 14 ., 

Thieknem oC both rmlvee 21 w 

ApiaJ ingle of the ventral «■!« 80° 

„ „ domul t»1to 118» 

The species can attain very considerable dimensions, a 
60 mm. in longth, have been noticed. 

Number of tpecimena examined. — 32. 

Bemarka. — Tho species, which is beyond doubt most nearly relatod to the 
present one, is Spirifer rajah, Salter (Pabjeontology of Niti in the Northern Hima- 
layas, p. 69) from the upper carboniferous rooks of Kashmir and Spiti. According 
to the excellent description and figures, given by Davidson (Quart Journ. Geol. Soc.» 
London, XXII, 1806, p. 40, PL. Il^fig. 3), the sculpture of Sp. rajah is of a very 
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similar type. The only important difference consists in the triplicate division of the 
main ribs in Sp. rajah, while thoy are, as a rule, dichotomous in Sp. tibetanm. This 
difference is most distinctly marked in the character of the median fold in the dorsal 
valve. In Salter's species this median fold is composed of a prominent median rib, 
which produces smaller ones on each of its lateral portions, bet continues as main rib 
to the front. In Sp. tibetanut the original median rib is not continued to the front 
but becomes subdivided in two ribs of equal width and strength. With regard to 
their general shape and outlines tho two species stand in a similar relationship, as Sp. 
oealit, Phill. to Sp. pinguit, Sow. Spirifer tibetanut is easily distinguished from 
Sp. rajah by the shortness of its hinge line and area, the last being much more 
triangular and higher in proportion to its width. 

Spirifer Keilhavii, von Buch (Ueber Spirifer Keilhavii, iibor dessen Fundort 
und Verhaltniss zu ahnliehcn Formcn, Abhandl. K. Akad. Wiss. Berlin, 1876, 
p. Co), which is nearly alliod to Sp. rajah, differs from the present species in the 
same characters, by which it is distinguished from tho former, and by the absence 
of a median rib in the sinus of the ventral valve. 

Anothor species which must bo compared with Spirifer tibetanut, is Sp. 
pamjanus, Toida (Pormocarbon Fossilien von der Westkiiste von Spitsbergen, 
Noucs Jahrbuch, 1875, p. 250, PI. VII, fig. 8) from Bpitzbergen (Hinlopen 
Straits). Both from Toula's figures and description and from a personal examina- 
tion of his type specimens, I have been convinced of the close relationship existing 
between these two species. Sp. parryanut approaches more nearly the Sp. rajah 
by its comparatively longer hinge lino and area, but agrees with the present 
species in the dichotomous character of the median fold of the dorsal valve. The 
ornamentation is of the same pattern, as in Sp. tibetanut and in Sp. rajah, being 
composed of broadly rounded ribs, which become subdivided in tho vicinity of tho 
front. Tho development of a well defined median rib in the sinus of tho ventral 
valve is also an important character, which Is common to these three species. 

Among tho representatives of this group of tho genus Spirifer, characterised 
by large, broadly rounded, subdivided radial ribs, Spirifer Wilcteki, Toula, Sp. 
taimanientit, Morris, and Sp. interplicatut, Rothpletz, may be mentioned. Their 
relationship to our species is, however, only a rather distant one, and will be more 
fully discussed in the description of Sp. rajah in the second part of tho present 
volume. 

This group seems to be entirely absent from tho Productus limestone of tho 
Salt Range. 

Subfamily : II AR TINIINJ2, Waagen. 

Genus : MARTINIA, M'Coy. 

The name JHartinia has been proposed by M'Coy as a generic denomination 
for such forms, as bolong to the relationship of Auomitet glaber, Martin. Davidson 
and L. do Koninck, however, rejected it and classed these forms in tho genus 
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Spirifer, proving M'Coy's diagnosis of his new genus to be insufficient and in part 
even erroneous. Generic rank was restored to it art Ma by Waagen, who was 
the first to draw>ttention to some characters of its typical species, deserving of a 
distinct generic designation. Such characters are the existence of a punctured sur- 
face of the epidermis, and the absence of septa in the ventral valve. 

Martinia, if Waagen's definition of this genus is adopted, is rather richly repre- 
sented in the ponnocarboniferous fauna of Chitichun No. I, both in number of 
species and individuals. But most of the spocimens are too incomplete to allow a 
satisfactory determination. Nevertheless six species at least can bo distinguished. 

The typical Martinia glabra Mart., which in Europe is the most common and 
widely spread type of this genus in carboniferous and ponnocarboniferous deposits, 
is barely represented. 1 can only attribute a singlo specimen to M. glabra, and 
even this does not approach the typical shape of that form, but is distinguished 
by the absence of a distinct sinus in the ventral valve. 

All the rest of the specimens differ from M. glabra by a considerably shorter 
hinge line, terminating occasionally on both sides in little wing-shaped prominences, 
and by a smaller area. 

Among the species, which I am able to distinguish, JUarlinia nueula, Rothplotz, 
It. temiplana, Waagen, and it. contractu, Meek and Worthen, are identical with 
previously described species. The two remaining species are new ones and will 
receive the names of M. actitomarginalis and M. elegant. Ihe first is nearly 
allied to M. carinthiaca, Schellwien, from the Carnian Fusulina limestone of 
upper carboniferous age. The second one seems to bear a close relationship both 
to it. nueula, Rothpl. and to it. War/hi, Waagen. 

Waagen arranged the Salt Kange species of the genus Ulartima in three different 
groups. I did not think it advisable to follow his example, as these groups are based 
on external characters only. As has been proved by Tschernyschcw's remarks regard- 
ing the internal characters of Martinia semiplana (?) and if. corcutum (M6ra. 
Com. Geol. Russ., St. Petersbourg, 1889, HI, p. 369), very different types may 
easily be united in ono single group, if their internal structure is not accessible to 
observation. 

The rich development of the genus Martinia in the fauna of the Chitichun 
limestone contrasts sharply with its rarity in the fauna of the Salt Range Products 
limestone. In the latter the few species, which have been described by Waagen, 
" occur in rather sporadic and isolated specimens, thus clearly indicating, that they 
arc either stragglers from a territory, where tho genus is far more plentifully deve- 
loped, or that they arc the last representatives of a group of forms, which is on the 
verge of becoming extinct, and which had boon more copiously developed in a for- 
mer period." The number of specimens examined, as quoted in the diagnosis of 
each species described in this memoir, docs not give on adequate idea of tho actual 
number of representatives of this genus in the Tibetan collection. But among 76 
specimens of JUarlinia, 19 only were found to bo sufficiently woll preserved to 
allow a specific determination. 
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1. Martinia cf. glabra, Martin. PL IX, fig. 4. 

1809. Coueijfliolilk«» Anomittt gUbtr, Martin, Petrificata Derbjenta, p. 11. 

For farther irnonyiiis eee Wamten, Pel. Indie*. »or. liii, Salt Ranee Foteita, I, Product™ Limestone Fo«eil», 
Pi 531, and my memoir on the fauns of the Himalajan Produetue «h..lc» (It. IV of the present volume). 

The only specimen available for description resembles in its circular outline, and 
in the absence of a well denned sinus, tho example from Yorkshire figured by 
Davidson on PI. XII, fig. 10, of his monograph of the British carboniferous 
brachiopoda, and only referred to 31. glabra with considerable hesitation. The 
present specimen, however, differs considerably from tho British fossil in the 
remarkably small disproportion in the depth of the two valves. 

The ventral valve is moderately vaulted and of almost equal longthand breadth. 
The beak is but slightly prominent beyond the hinge line, incurved, and of moderate 
dimensions. The lunge line is considerably longer, than in all the rest of congeneric 
species, occurring in tho pcrmocarboniforous limostono of Chitichun No. I. It is 
moro than one half the entire breadth of the shell. The area is comparatively large, 
elongated, and marked off from the remainder of tho shell by sharply dofined lateral 
margins. A sinus is but very indistinctly indicated in the vicinity of the frontal 
region. Nevertheless tho frontal lino is strongly produced, forming a tongue-shaped 
wave, which causes tho front margin of the dorsal valvo to bo elevated abovo its 
general convexity. 

The dorsal valve is but partly preserved. It is very regularly curved in both 
directions, but slightly flattened in the proximity of the hinge line, where the latter 
unites with the lateral margins. A median fold seems to have been present in the 
frontal region only. 

The ornamentation of the shell is of the same pattern as in tho majority of 
spocimons of the common If. glabra. 

Tho measurements of this specimen are, as follows-. — 



Entire length of the abell 28 mm. 

Length of the dortal t»1t» ......... 23 „ 

Entire breadth of the (ball ........ .86,, 

Length of the hinge line ......... 18 6 ., 

TWImeMofbotttealre. 176 „ 

Apical angle of the ventral Talra app. 90' 

. . „ dorsal „ 108 s 



Number of tpeciment examined. — 1. 

Bemarki. — Waagen (p. 537) considers the shells, figured by Davidson on PI. XII, 
figs. 9 and 10, of his monograph, and referred with hesitation only to If. glabra, 
as very near allies to the Russian II. corculum, Kutorga (Verhandl. K. Buss. 
Mineralog. Ges., St. Petersbourg, 1872, p. 25, PL V, fig. 9.) As regards its external 
shape the present specimen may likewise hold an intermediate position between 
the truo M. glabra and If. corculum. I do not, however, think, that it should be 
identified with the latter species, which is characterised by a very unequal depth of 
its two valves. 

a 
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In their internal characters a remarkable difference between M. glabra and 
M. corcnlum has beerj noticed by Tsohernyschew (Mem. Com. Geol. Russ., St. Peters- 
bourg, 1889, III, No. 1, p. 369), who obserred the existence of a large median 
septum in tho ventral valve of Kutorga's type specimens, whereas in M. glabra 
both septa and dental plates are absent. 

In my specimen the internal characters are unfortunately not accessible to 
observation. Externally, however, it seems to be much more nearly allied to Mar- 
tin's species than to the Russian form. I consequently deemed it prefcmblo to leave 
it with M. glabra, without venturing, however, to identify it with the typical form 
Of this latter species. 

Although 31. glabra is most abundant in carboniferous rocks, specimens, which 
only differ from the typical form by a shorter hinge line, are found in permian 
strata (Productus shalos of Kiunglung encamping ground, Painkhanda). No 
geological importance can therefore bo attributed to the presence of the spocimen 
under consideration in the pormocarboniferous limestone of Chitichun No. I. 

2. Mastinia NtrcTJLA, Rothplctz. PL VIII, figs. 5, 6. 

1892. JfartMa nuenla, BothpMi. Die Perm- Triaa- ond Janformatioo »uf Timor aad Botti, Palwonto- 
gr.,.hiM, XXXIX, p. SO, PI. IX, &g. 8, 7. 

This species, which is not at all rare in the pormocarboniferous limestone of 
Chitiohun No. I, is distinguished from tho true Martinia glabra Mart, according 
to Rothpletz, by tho strongly inflated apical region, by its very short hinge line, 
and by its small, indistinctly dofined area. 

In young specimens the sinus is only indicated by a median depression in the 
frontal part of the ventral valve. In larger specimens it is, however, more strongly 
developed as a rule. Its continuation towards the apical region is sometimes marked 
by a narrow, longitudinal impression or furrow. The front line ascends in a highly 
elevated tongue-shaped curve. In young specimens this frontal wave is almost 
acutely rounded, as in the figure given by Rothpletz on PI. IX, fig. 7, of his 
memoir, but in lator stages of growth it forms a more regular curve. 

Rothpletz states that the apices of the two valves touch each othor in full grown 
individuals. None of my specimens exhibit this character, although in some of 
them the two apices aro rather approximate. But even my largest example does 
not attain the dimensions of the type spocimen from Timor (loo. cit. PI. IX, fig. 3), 
and, moreover, the shell is but partially preserved in its apical region (cf. PI. VIII, 
fig. 5). When tho boak is perfectly preserved, as is the case in the smaller specimen, 
fig. 6, it appears to be strongly incurved atid pointed. 

In spite of tho strong inflation of the apical region in the ventral 
valvo, the two valves do not differ in depth very conspicuously. This is a good 
character of distinction from M. semiplana, Waagen, in which the dorsal valve is 
but slightly vaulted. 

In tho shape of the very small and obscurely defined area M. nucula agrees with 
M. contractu, Meek and Worthen (Pakeontology of Illinois, p. 298, PL 23, fig. 5), as 
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has boon remarkod by Rothpletz. To the differences of these two species, enumerated 
by that author, the shape of the beak may bo added, which is very prominent in the 
Asiatic fossil, but barely projects beyond the hinge lino in the American species. 

The surface of the shell is smooth and covered with very numerous puncta, 
where its epidermis has been preserved. In the specimen, figured on PL VIII, fig. 5, 
a number of indistinct, rounded ribs may be observed near the lateral margins of the 
dorsal valve. 

Rothpletz noticed the presence of two dental plates in the ventral valve of his 
species, a character, which is absent in the typical Martinia glabra. I have not 
succeeded in making out anything of the internal structure of my specimens. 

The measurements of the largest specimen (PL VIII, fig. 5) are, as follows :— 



Entire length of the •hell 86 mo 

Length of the dornal valve ■ • ■ * , . . , 28 „ 

Entire breadth of the ahell 3H'5 „ 

Length of the hinge line 9 „ 

Thickneee of both valeea || 

Apioal ingle of the ventral valve 90» 

* - - - » opp. 110* 



Number of tpecimens examined — 5, 

Hemarkt. — Rothpletz believes his species to be identical with the Artinskian 
form, which has been identified with Waagen's M. temiplana, by Tschernyschew 
(Mem. Com. Geol. Russ., St. Pttersbourg, 1889, III, No. 4, p. 3G9, PI. V, figs. 1, 3). 
I am not inclined to follow this view, in which no sufficient strength has been laid 
on the fact, that tho Artinskian species is provided internally with a large median 
septum, whereas two dental plates are present in tho vontral valve of M. uucula. 

From the Indian Martinia temiplana, VVaagen (Pal. Indica, ser. xiii, I, p. 586, 
PI. XLIII, fig. A) tho prosent spocies differs considerably by its larger size, by 
the absenco of ridges bordering the area, and by tho nearly equal depth of the two 
valves. 

Martinia nucula has been collected by Wichmann in the permian rocks of the 
island of Timor. 

3. Martinia contkacta, Meek and Worthen. PL IX, fig. 3. 

1866. Spirife, globe, (Mart.) car. contractu., Meek ana Worthen, Geological Survev of Illiooie, Vol. III. 
P»liconloloKr, p. S»4, PI. 28, fig. 6. 

The specimons from tho permocarboniforous limestone of Chitichun No. I, 
which ought, in my opinion, to be identified with the prosent spocies, agree in every 
respect with the description and figures as given by Meek and "Worthen in the 
memoir quoted above. 

Although in my monograph of the Productus Shales Fossils (Pt. iv of this 
volume) I have quoted Martinia contractu as a mere variety of M. glabra, Mart, 
sp., I now perfectly agree with Rothplotz (PaLeontographica, XXXIX, p. 80) in 
considering it to be a true species. It belongs to the some group of forms as 
M. temiplana, TVaagen, its two valves being of very unequal depth. 

0 2 
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It differs from 11. glabra " in haying a much smaller and more obscurely defined 
ventral area. Indeed the sides of the beak of its ventral valve round in so regularly 
to the foramen, that it is often difficult to see where the margin of the area is." 
(Meek and Worthen, loc. cit„ p. 299.) 

From If. semiplana the present species is easily distinguished hy its larger size, 
by the absence of any ridges, bordering tho small, triangular area, and by the pre- 
sence of a shallow sinus in the ventral valve in the proximity of the front. 

The differences betweon M. coatracta and 31. nucula have been enumerated 
hy Rothplotz. They chiefly consist in the strongly inflated apical region of the 
ventral valve in the latter species, and in the different shape of tho frontal wave 
which is sharply rounded or tongue-shaped in 31. nucula, whereas it forms a 
shallow curve only in M. contractu. Nor does the small, well incurved beak 
project beyond the hinge line in tho prcsont species. 

No median fold or crest is developed in the dorsal valve. 

The figured specimen is of nearly the same size as the American one, figured by 
Meek and Worthen. Its measurements arc, as follows : — 



Kmir. length of the -hell 22 rat 

length of th. dorrtl TaWe 17 5 ,. 

Entire breadth of th. ikd 22 5 „ 

WthoftlwhiDgsline a P p. 10 „ 

Thickoeaa of both ralvea U o „ 

Apical aegis of the mntral ralve 82° 



»> it i, n dorjal n| ....... app. 110* 

The ornamentation of the nearly smooth shell is of the same pattern, as in 
31. glabra. Tho puncta aro of tho epidermis have been observed in a few places 
of the ventral valve. 

Number of tpechient examined. — 3. 

Bemarkt.—M. oontracta has been collected in the Chester group of the lower 
carboniferous series in Illinois. 



4. Martinia semiplana, Waagen. PI. VIII, fig. 7. 

Iodic., ,er. liii, Salt Hang* Powil,, I. 



....,p.6S6,Pl.XLin,fi )f .4. 
IMS. AfaWinio(p) nmiplana P. TVeliernj-schew. Ovulogiacbe IWhrcibnrg dei C.»ntr»l Crali ond dr. W,-»t». 

„ bh * n *"' ^ C ° m - 06ul Bu "- SL ?i » n *><"* "I. No- *. P- 369. n. V. fig. 1. 8. 
1*»2. Marimut temiptana, 8ebrll«i«i, We Faun, del K.rui«ke,> Fu.ulin t aV«lk. I Tb 
'-, XXXIX, p. 39, PI. IV. fig. 12-18. ' ' 



This species belongs to a group of forms, which are characterised by the un- 
equal depth of the two valves, of which the dorsal valve is considerably flatter. 

The ventral valve is of a circular outline, strongly vaulted, and provided with a 
broad beak, which projects considerably boyond the bingo line. The small and 
concave area is pierced by a comparatively largo triangular fissure and marked off 
from the remainder of the shell by distinct, though very low, ridges. In the speci- 
mens under description a sinus is entirely absent, but replaced by a thread-like mesial 
furrow. The frontal part is but slightly produced and ascends in a very flat curve. 
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The dorsal valve is much flatter than the opposite one, and more strongly 
curved in the transverse than in the longitudinal direction, whereas in the ventral 
valve the curve is almost equally strong in both directions. No modian fold oorre. 
sponds to the longitudinal impression in the ventral valve, but the median part of the 
dorsal valvo is shaped into a sort of an obtusely rounded crest, from which on both 
sides the valve flatly slopes down in a roof-like manner. 

JUartinia temiplana is a rather small species. The measurements of the 
figured specimen are as follows :— 



Entire Icrgtb of the .hell M mm. 

Length of the doraul t»Ii» 12 „ 

Entire bmMlth of the .bell U „ 

LfiijCth of tbe hinge line ... 5 „ 

Thickm* «f both ralree ......... 8 ,, 

Apical am;le °f tbe tentral valve ........ HS C 

.i n m it dureal .......... 118* 



Number of tpeeimtnt examined.— 2. 

Remark*. — Martinia temiplana has boen quoted by Waagen from tho Virgal 
beds of the middle Productus limestone in the Salt Range, and by Schellwien 
from the Carnian Fusulina limestone of the Krone, which corresponds in its strati- 
graphical position to the Gsholian stage of Central Russia and to the upper carboni- 
ferous FusuUna limestone of the Ural Mts. 

Tschernyschew identified an Artinskian Martinia with "Waagen's Salt Range 
species, but grave doubts have been raised as to the correctness of this identified* 
tion. Tschernyschew gives the following description of the internal characters in 
his Artinskian form : 

The internal structure of this species " differs considerably from that in a 
typical Martinia, which is distinguished by the absence of any septa or dental 
plates in its ventral valvo. A median septum distinctly shows through the transpar- 
ent shells of the Artinskian specimens, from the apex of the ventral valvo for the 
third part of tho length of the latter. A septum of exactly the same shape is 
visible in tho ventral valves of M. corculum, as I have been able to state from 
my personal examination of Kutorga's type specimens. In this respect the upper 
carboniferous and Artinskian species recall the triassic genus Mentzelia, Quenstcdt, 
from which they differ, however, in tho absence of dental plates. I think that 
these forms might rightly serve as prototypes of a distinct genus, although I 
prefer to abstain from giving a namo to the latter, in view of our insufficient 
knowledge of its internal characters." 

Waagon has observed nothing of the internal characters of his type specimen 
from the Salt Range. Rut Schellwien, who examined some of his Carnian 
examples, did not succeed in finding any trace of a median septum in their ventral 
valves. That the specimens from the Fusulina limestono of Carinthia are identical 
with the Indian M. temiplana, cannot be questioned, as his identification lias been 
confirmed by Waagen himself on the ground of his personal examination of 
Scliollwien's types. It is therefore very doubtful, if tho Artinskian shell, described 
by Tschernyschew, ought to be united with tho present spocies. 
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Rothpletz (Palaxmtograpliica, XXXIX, p. 81) likowiw? believes Tscherny- 
schow's Artinskian species to be different from Martinia semiplaiia, but identifies 
it, altbougb with some hesitation, with his M. nucula from Timor. I think this 
should not be done, because in M, nucula the ventral valvo is internally provided 
with two dental plates, but not with a median septum. 

5. Martinia. elbgans, nov. sp. . PI. VIII, figs. 1, 2 ; PI. IX, figs. 1, 2. 

The specimens, for which this new denomination is introduced, recall the 
group of Martinia WaHhi, Waagen (Pal. Indica, ser. xiii, I, p. 630) by the 
development of little wings on both sides of the vory short hinge lino. 

M. elegant is a large and beautiful species. Its general outline is either 
slightly elongated or as long as it is broad. The valves are not equally inflated, 
tho dorsal valve being, as a rule, less deep than the ventral ono, but the dispropor- 
tion in their depth is not vory considerable. It is more conspicuous in tho type 
figured on PI. IX, fig. 1, than in all the rest of my specimens. 

The ventral valve is strongly vaulted and about equally curved in both direc. 
tions. The apical region is not so much inflated as in M. nucula. The beak is 
rather small, well incurved, and scarcely projects beyond tho hingo line. It 
boars on its dorsal side a very small, concave area of a nearly equilateral shape, 
which is almost entirely occupied by tho triangular fissure. This area is separated 
from tho remainder of the shell by sharp and narrow, often considerably elevated 
ridges. In somo of the specimens those ridges are bordered by a flatly rounded 
furrow along their exterior margins. 

The hinge line is very short, reaching one third, or, exceptionally, two fifths 
of the entire breadth of the shell only, and terminates on both sides in little wing- 
shaped prominences. 

A mesial sinus is always distinctly indicated, originating either in the apical 
region or reaching up at least half way from the line. It causes tho frontal part 
of tho shell to ascend rather strongly into a frontal wave. The latter is much more 
strongly elevated in full grown than in adolesoent individuals. In the largest 
specimen (PI. VIII, fig. 1) it is distinctly tongue-shaped and produced into a sort 
of a ridge, which overhangs the general oonvexity of the dorsal valve. This charac- 
ter is chiefly observable in a lateral view of tho shell (fig. L c). 

In the dorsal valve there is no median fold or crest, corresponding to this sinus. 
It is much more strongly vaulted in tho transverse than in the longitudinal 
direction. Longitudinally it is distinctly curved in the apical region only, but 
flattened or even slightly hollowed in the vicinity of the front line. The apex is 
little prominent and slightly bent over. The narrow concave area is bordered by 
similar ridges, like in the ventral valve. 

In ono of the specimens (PI. VIII, fig. 2) the surface of the shell is suffi- 
ciently well preserved to show the punctation. As in a typical Martinia it con- 
sists of very numerous irregularly clustered granulations and impressions, giviDg 
to the epidermis of the shell the appearance of shagrocn. Besides this very faint 
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ornamentation, both valves are covered with numerous thin, concentric linos of 
growth. Traces of a radial sculpture are occasionally indicated in the proximity of 
tho lateral margin*. 

Of the internal characters of this species nothing is known to me. 

The measurements of the largest specimen are as follows : — 



Entire length of the .Ml 51 mm. 

Length of th* ilorml mire 44 5 „ 

Entire breadth of theebell *7 „ 

Length of the hinge line .... 19 „ 

Thickneae of both Teh ee 83 „ 

Apical angle of the rent ml velr S4 9 

., „ „ doreal 103° 



Number of tpeciment examined, — 6. 

Bfmarkt — This species can he easily distinguished from all the congeneric 
forms which have boon hitherto described. 

From Martinia nucula, Rothpletz, which it resembles in external shape, 
especially in the development of the sinus and of the tongue-shaped frontal wave, 
it differs in its less strongly inflated apical region, its sharply limited area, and 
the dovolopment of little wings on both sides of tho hinge line. Nor are the beaks 
of the two valves over so conspicuously approximate. 

From M. $emiplana, Waagen, it is distinguished by its much larger size, by 
the lesser disproportion in the depth of the two valves, by the presence of a well 
doveloped median sinus, and by its hinge line terminating in little wings. 

Tho differences between our species and all tho Salt Range forms belonging to 
the group of If. Warthi, "Waag., axe so conspicuous that I need not dwell upon 
them. 

6. Mabttnia actjtom aboikalis, nov. sp. . PL VIII, figs. 3, <L 

This is a small species, with a slightly elongate and pentagonal outline. 

Tho ventral valve is strongly but very regularly vaulted. The apical region is 
barely less inflated than in JUartinia nucula, Rothpletz. The beak is thick, little 
prominent beyond the hinge line, and well incurvod. Tho area is small, indistinctly 
definod, and occupied almost entirely by the equilateral triangular fissure. The 
hinge line is very short, with rounded terminations, and without any wing-shaped 
prominences. The sinus is very broad, perfectly flat, and entirely restricted to the 
strongly produced frontal part. It is limited on Loth sides by a short, rounded fold, 
which is followed again by a rounded depression or furrow. This sort of sculpture 
gives to the lateral margins of tho valve a zigzag slntpe. In the frontal region the 
middle part of the shell, corresponding to the sinus, is much produced, and causes 
the frontal wave to ascend very strongly. 

The dorsal valve is also strongly vaulted, especially so in the apical region, 
whereas it gradually flattens in the longitudinal direction, when approaching 
the front line. The boak is slightly bont over, and overhangs an extremely 
narrow, indistinct area. The apices of the two valves are rather approximate. 
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In tho frontal portion a broad, indistinct median fold corresponds to the 
sinus in the opposite valve. It is limited on both sides by rounded depressions 
which are followed again by very low and short folds. This sort of sculpture is 
entirely restricted to the proximity of the lateral and front margins, which are 
slightly elevated and shaped into sharp edges. 

Tho ornamontation consists of very thin and numerous concentric stria; of 
growth. In the depressions on both sides of the median fold of the dorsal valve, thin 
radkl strife have boon noticod. 

The measurements of the smaller, but more comploto, specimen (PL VIII, 
fig. 3) are as follows :— 

Entiro length of the shall 13 mm 

LfUKtkoftludoiwlTulvo 10 

Entire brmulth of the shall H-5 " 

Length of the hingo line »'6 ' 

Tbieltiie*» of both raWes ......... N) 

Apioal angle of the ventral va]»« 750 

i» »► it .1 dor#*l >■■••. 110° 

If umber of specimens examined. — 2. 

Remarks. — This species sooms to bo very nearly related to If. carinthiaca 
Schellwicn (Palaxmtographica, XXXIX, 1892, p. 41, PL VIII, fig. 15, 16) from the" 
upper carboniferous beds of tho Krono in the Carnian Alps. It is only distin- 
guished from the latter by very subordinate characters, — namely, by its thicker, 
more strongly incurved beak of tho ventral valve, and by the trapezoidal shape of 
tho frontal wave. In this respect M. aculomarginalis is very similar to J/. 
JParthi, Waagen (p. 533, PL XLIII, figs. 2,8), from which species it differs, howi 
evor, in the absence of any ridges or furrows separating tho area from the remainder 
of the ventral valve, and in the rounded, wingless terminations of its hinge line. 
In spite of the external similarity to M. JParthi, the presont specios therefore 
seems to bo more nearly allied to M. carinthiaca. Their relationship is oertainlv 
a very close one. 



Subfamily: RETICULARIINJi, 

Genus : RETICULAR LA, M'Coy. 

lids genus, which was introduced by M'Coy for Reticular! , reticulata and 
its allies, is represented in the permooarbonifcrous fauna of Chitichun No. I bv 
one single species only, R. lineala, one of the most common and far-spread forms in 
tho carboniferous and permian rocks of the Old World. 

1. Rkticclakia lineata, Martin. PI. IX, figs. 5, 6, 7, 8. 

1809. Cmteiyliolitiui Anamitt, lineatut. Martin, Petrificata Perbjeneia, PI. XXXVI, fig. 3. 
1821. Ttrtbratula iintata, Suwerbj. Mineral Conehnlogy, Vol. IV, p. 39. PI. CCCXXXIV fin 1 2 
1836. Spirtfera tixeata, Phillip*, GecWy of Yorkshire, p. 219. PI. X, 6g. 17. 

18*0. Spiriftra Iintata, v. Buoh, Ea,.i d ono olaa.ification d„. Delthjri.. Menu Sue GWol. France IV , loo 
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1848. Spiriftr lintatui, L. de Kooinck, Demription dm 
oarbonifore de Belgiqne, p. J70, PI. XVII, fig. 8. 
f ''T' of ,b. chapter, »f th. oarbouifero,. fciU of [hM, p. 113. 

1845. /r o l"'- d4 V " neoi1 ' G««>Wi.d, la Kumo dEurope, .U,. Vol. II. PaWo!^, P- U7 , 

IX VJ, Q£, ft. 

1867-186S I .^peri/era r.naora, DaTidaon, Monograph of tho Briti.h Carooniferon. Braehiopoda, p. 68 PI 

xni, figs. 4—10, r 



18«6. Spiriftr BeyrW,. Debar ein. Kohleokalki.oaa too Timor, Abb.r,dl. K. AUd. Wi». 

Berlin, p. 78, PI. I, fig. 13. 



1873. Spin/'r UnraUt, L. d. Konipck, Monograph!, da fo..il eJ oarboniftree deBleiberg en Cnrinthie, p. 65, 
Fl. 11, fig. 11. 



f 1879. Spiriftr lintatui, TrautecHold, Die Kalkbriiehe Ton MjaUrlkowa. p. 79. PI. VIII, fig. 7. 
1B78. Spiriftr /•»««<«/, Abich, Gaologieehe Fotachnngen in den kaakaaiaehen L»nd<rn I Th. Ein* Bergkalk 
Fauna an* der Arai*»nge bei Djoulfa, p 79, PL VI, fig. 6, 7, 8 ; PL VII. fig. 10 ; PI. IX, fig. 6. 
B*ic.Uri. li.eaf, Waagec,, PaUoontologk Indica, .„r. xiii. Salt Bang. Fo-Tb I V 
- 640.Pl.XUI.f 



1883. S^V</Wi«ar M .K.j«r.Ob.rc.ri>o U i«h*Ka nn a too Loping, Biohthofen-. China, IV. Bd., p. 174, 
PI. XXII, fig*. 6 7. 



hew. Mem. Com. Geo!. Rna». 8t Patmbourg. Ill, No. 4, p. 368. 
1890. B. liHtata, Nikilin, Mem. Com. Gaol. Bu..., 8t Petenbourg, V, No. 6, p. 66. 

1892. B. Iineata. Sek.Il»U>i., Die P.nra de. Kain^heu Fuaolinenkalka, I Th., PalaKjntographicn, XXXIX. 
p. 38, PI. VI, fig. 10 — 13. 

1892- B- iineata, Rothpletx, Die Prrm.-Triat- nud JnrafoTmatioo at f Timor u.,d Rotti Palacntoerapbica 
XXXIX. p. 81 PI. IX. fig. 8. ' 

1894. B. tineata. Sue*. Beitraga tur Stratigraphi. Central A«.na, Denkaahr. K. Akad. Wi... Wi.n, math. 

nat. CI., Ml p. 453. 

1895. B. Untata, Tornquiat, Dae fo*»ilftihreni dee Untercarbr-n am detlirhen Roaabergtnaaii t ia dm 

SudTogeaan, AbhandL tor tiaolngiaeheu Specialkarte toii Kltaaa Lothringen, V, pt. 4, p. 121, PI 
XVI, fig. 6. 

1896. Martinia limata, Jalien, Le terrain carbon if ere marin de la Franoe C«ntral». p. 98, PI. II, fig. 9—13 

PI. VI II. fig. 6. 



Among the collections from Chitichun No. I, this species is rather richly 
represented by specimens of very different size, but varying little in their general 
shape and outlines. The majority come very near the typical form from the English 
mountain limostono, especially the typo from the Craven district, figured by David- 
son on PI. XIII, fig. 9, of his monograph. 

My specimens are suborbicular or elongately oval, although the difference in 
length and breadth is somewhat small. They are strongly inflated, the two 
valves being, as a rulo, almost equally deep. The hinge line is always considerably 
shorter than tho greatest breadth of the shell, and providod with rounded cardinal 
angles. 

In all my specimens tho ventral valve is distinguished by a high and strongly 
incurved beak. In this respect they rocall the variety of i?. Iineata, from tho 
permian rooks of Timor, which has been figured by Beyrich. In tho Tibetan 
specimens, however, the beak never projects so strongly as in Beyrich's figure (PI. I, 
fig. 136), but the apices of the two valves are always rather distant, like in the 
specimen, fig. 10, on PI. XIII, of Davidson's monograph. In well presorvod 
examples tho beak is distinctly pointed. Tho area is small and only obscurely 
defined by lateral margins. The triangular fissure, in which traces of a psoudo- 
deltidium have been occasionally noticed, is of the same shape and size as in 
Davidson's British examples. 

H 
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In the majority of the specimens the sinus is very shallow and confined 
to the proximity of the front. In young individuals (PI. IX, fig. 7) it is barely 
indicated at all. Tho only specimen among the materials from Chitichun No. I, 
prorided with a deeper sinus, is the one figured on PI. IX, fig. 6. In this specimen 
the frontal part of the shell is slightly produced and derated. 

The dorsal valve is very evenly convex and without any median elevation. The 
shape of the apical region and of the area agree with the description given of these 
cliaractors in the Salt Range specimens by Prof. Waagon. 

Tho sculpture is exactly the same as in European specimens from the 
mountain limestone of England or Belgium. The specimen, fig. 8, in which the 
shelly layer has been well preserved, exhibits tho characteristic ornamentation, 
marked by numerous, very thin, radiating striae, which aro arranged between tho 
moro distant concentric linos. The reticulation is never so distinct as in the Indian 
specimens, which have been figured by Waagen. 

The measurements of two specimons (PI. IX, figs. 5 and 8) are as follows 



Iffig.5). II (fi R .8). 

Entiro leogth of tho «hell 2» mm. 28 mm. 

Length of tho dorttl volto 23 ,. 18 5 „ 

Entirt biwdtb ol tho .h,H 29 ., 1M „ 

length of tho hinge lino 17 IS „ 

ThioknoM of both trWm 20 5 „ 15 „ 

Apic*l»o g loof thoTOBtr.1 v»!to tO° 70» 

> ., „ „ doml ? HOP 



I have not boon able to ascertain tho internal characters in any of the Tibetan 
specimens. 

Humber of specimen! examined.— 1. 

Remarks. — Rrticularia lineata is a very common and widespread species 
ranging from the lowest carboniferotiB into pormian strata. In Great Britain it 
ranges from tho lower limestone shales into the millstone grit, whilst in Belgium 
it is most abundant in the Calcaire de Vis6. It is known from tho mountain lime- 
stone of Alsatia, Contral France and Silesia. Mollor, do Vcrnouil, Griinewaldt, 
Troutschold and Nikitin quoto it from the carboniferous deposits of Russia. 
Tsohernyschow discovered it in the Artinskian marls of permocarboniferous age, 
Schellwion in the upper carboniferous Fusulina limestone of Carinthia. In the 
eastern region it haB been mentioned from the pormian strata of Julfa by Abich ; 
from the upper carboniferous rocks of Loping by Kayser, and of Tongitar in the 
Koktan Range by E. Sucss, who discovered it in the . collections made by Dr. 
Stoliczka ; from the lower Productus limestone of the Salt Rango by "VVaagen 
from tho permian rocks of Timor by Bcyrioh and Rothplctz. 

A somewhat doubtful fragment (ventral valve) from Barents Island (Novaya 
Semlya) has been described as Spirifer lineatu*, Mart, var., by Toula (Sitzgsber. K. 
Akad. Wiss. Wien, LXXI, I. Abth., 1875, p. 19, PI. II, fig. 3). L. do Koninck 
(Reoherchcs sur les fossiles paleozoques do la Nouvellc-gallos du Sud, Bruxelles, 
1876-77, S ptic, p. 224, PI. XI, fig. 9) figures a ventral valve from the carboni- 
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f orous strata of New South "Wales, which he identifies with Spitifer Uneatui, Mart., 
but it is impossible to decide from tho figure whether the Australian form is 
identical with tho European and Indian types of Beticularia lineata. 

According to Waagen the presence of the true It. lineata in America is very 
doubtful. The smaller species, which has been called Jt. perplera by McChesney 
(Dcscr. New Palaeozoic Fossils, 18(30, p. 43), must at all events be kept separate. 

A species, which I am likewise inclined to consider as specifically distinct 
from the present form, is //. conularis, Grunewaldt (Beitragc zur Kenntniss der 
scdimentaren Gcbirgsformationcn, etc., Mem. Acad. Imp. 8ci. St. P6tersbourg, 
ser. vii, II, No. 7, I860, p. 102, PL IV, fig. 2) although Trautschold quote* 
it partially among tho synonyms of B. lineata and of Martinia glabra. According 
to Griinewaldt's description, tho most important feature in the species from the 
Ural Mountains is tho extraordinary disproportion in tho size of its valves, the 
ventral valvo being about three times as deep as the dorsal one. Neither in this 
character nor in the shape of tho strongly elongated beak do any of my specimens 
agree with Grunowaldt's type specimen from Artinsk. 

Family : ATUYRID.E, Phillips. 
Sub-family: ATI1YBIN.E, Waagen. 
Genus : ATLTYRIS, M'Coy. (SFIRIGERA, d'Orbigny.) 
1. Atuyhis Rotssii, LoVoillo. PI. X, figs. 1, 2, 3, 6. 

1895. Spirifer it Bogttii, Ufeille, Mem. 8oe. Qio\. France, II, y. 39, PI. II, fig.'lS— 30. 

1843. Ttnbratuia Rayirii, cl« Koninck, D.'wriptioQ de» animaot fo*tile* qui M troarcnt dan> Ir terrain c&r- 

bouifcre d« Belgian*, p. 3W, PI. XXI, fig. 1. 
185*. illvw Bofttii, Davidson, Monograph Urili«h Carbon. Br»chiopcda, p. 87, PI. XVIII, fig. 1—11. 
1862. A. Uoyuii, Uavi<L»n, (Juart. Jnurn. Q«>1. S.«., London, XVIII, p. 27. PL I, fif . 6. 
lfroJ. A Boyuii, Dnvidaon in L. d« Kouinck, Mem. .ur U Io»..c. Pal&iuiqMi. retoeilUa dam Tlnda, p. 33. 

PL IX, fig. 6. 

1365. 8piri 3 ,rm Bofuii, B.yrich « part*, Cebor <ir» KoM.nkalkfaun. ron Timor, Abhandl. K. Akad 

d. WU-nash.. Barlra. lWU. p. 7*. PL I, fig. 3. («n 2). 
1883. Atkyri, Bo f ,tii, Waagen. PaLwmtotogi. Imliea. «r. xiii, Salt Bang. FoarQa, I, Produotoi Lime- 

•ton* FowiU, p. 475, PL XL. fin. 6-12, PL XXXIX, fig. 10. 
1897. A. Btyuii, Diener, llimalayan Fouil«, Ptlicontologia InJiea, »• r. it, I, PL 4, PL V, fig*. 5, 7. 

In my memoir on tho fauna of the Himalayan Productus shales I have fully 
explained my intention in giving this specific name to tho ILunalayan specimens. 
Waagen has distinguished among his group of Alhyrit Roytiii quite a number 
of forms, to whioh ho applied specific denominations. Although I agree with 
Rothpletz (Palaxmtographiea, XXXIX, 1892, p. 81) in considering these distinctions, 
on rather insignificant characters, of no groat importance, I do not object to 
accepting Waa gen's species, as I can easily distinguish them among ^ e Tibetan 
material. 

The overwhelming majority of specimens, which havo been collected in the 
permooarboniferous limestone of Chitiohun No. I, belong to Waagen's Athyris 
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Hoys' i iypica. They agree very well both with Waagcn's types from the 8alt 
Range and with the permian specimens from the Productus Bhales of Johir and 
PainkMnda. The three figures given in this memoir show the amount of variability 
among the Tibetan types. Their general outline is either circular or slightly 
subpentagonal (PI. X, fig. 1). As a rule the transverse diameter is a little larger 
than the longitudinal one. The valves are comparatively flat. Specimens which 
are more strongly vaulted than that figured on PI . X, fig. 3, are rare. 

Noither the sinus in the ventral and the corresponding median fold in the dorsal 
valve are ever Tery conspicuous, and in some of the specimens (PI. X, fig. 2) even 
entirely absent. But even in such specimens a flat frontal wave is indicated. 
The foramen of the beak is rather variable in size, but, as a rule, larger than in 
Beyrich's specimen from the Island of Timor. 

The ornamentation of the shell is of exactly the same pattern, as has been 
noticed by Waagen in his Indian specimens. 

In the example figured on PI. X, fig. 6, the internal characters are partly 
accessible to observation, a portion of tho spinal appendages having been kid bare. 

My specimens do not attain as large dimensions as those which have been 
figured by Davidson from the British mountain limestone. The largest example 
nearly attains the same size as the one figured by Waagen on PI. XL, fig. 8, of 
his memoir, but is considerably flatter. The measurements of two smaller speci- 
mens (PI. X, figs. 2 and 3) are as follows :— 



Number of specimens examined. — 117. 

Remarks.— A. lioyssii is by far the most common shell in the permo- 
carboniferous limestone of Chitichun No. I. In the Salt Rango it is likewise largely 
distributed through the middle and upper divisions of the Productus limestone, 
while it is very rare in tho lower Productus limostone. Waagen considers his 
Indian specimens as absolutely identical with the typical forms from the mountain 
limestone of Europe L de Koninck (Fauno du calcaire carboniffcre do la Belgique, 
Ann. Mus. Roy. d'Hist. Nat. Bruxelles, XIV, 1887, pt. 6, p. 85) does not share 
in this view, but believes all the shells from upper carboniforous and permian strata, 
which have been classed by palaeontologists among the synonyms of A. Boyssii, to 
be specifically different from LeVeillfi's species. 

The Indian A. Royssii is certainly identical with the types from the permian 
Productus shales, from Timor and from Chitichun No. I. Whether tho specimen 
from the permian rocks of Julfa, which has been described and figured by Abioh 
(Ueologische Forschungen in den kaukasischen Land era, I. Th. Eine Berg- 
kalk fauna aus dor Araxcscnge bei Djoulfa, p 62, PI. VII, fig. 8) as Athyrit 



Entire breidth of the«hrll . 
Thiokn... of both t»Wcb . 



Entire length of the shell 
Length ot the doml »»l»e 



I (fig. 2). II (fig 3). 

28 5 mm. 89 mm. 

87 ., 276 „ 

31 .. 81 m 

IS „ » ., 



Apic»l ingle of the Tentral valve 



115' 107° 
121 lltf° 
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Royuii, belongs to this species, even in the wider definition adopted by Waagen, 
is, to say the least, very doubtful. 

2. Athtbis subexpansa, Waagen. PL X, fig. 4. 

1883. Atkyru nbtxpan-ta, Waagen, PelieontologU IuJie», Mr. liii. Salt Kaage Fossils, I, Prodoetus 
Limeetone Foaaila, p. 478, PI. XXXIX, figs. 1 — 6. 

The only specimen among the material from Chitichun No. I, which I am able 
to identify with the present species, agrees perfectly well with Waagen's descrip- 
tion and figures. In its transversely oval outlines and in its comparatively flat shape 
it especially recalls Waagen's specimen from Musakheyl (loo. cit Fl. XXXIX, 
fig. 4), but in the characters of the sinus it approaches more nearly his example from 
Xalabagh (fig. 3). The sinus is very shallow and indicated only in the proxi- 
mity of the front, causing the middle portion of the frontal part to be slightly bent 
up. In this respect my specimen is most nearly related to A. expama Phill. 
(Davidson, Mon. Brit. Carb. Braoh , p. 82, PI. XVI, figs. 14, 16, 16; XVII, 
figs. 1—5). 

I am really at a loss how to distinguish the latter species, from the mountain- 
limestone of Western Europe, from Waagen's A. tubexpama. The two characters 
which, according to Waagen's diagnosis, ought to serve for their distinction, namely, 
the presence of a well developed sinus in the ventral valve and the fringed expan- 
sions of the Indian form, do not seem to be constant features. The two specimens 
figured by Waagen on PI. XXXIX, figs. 2 and 3 of his memoir, have only a very 
shallow sinus. On the other hand, Davidson in his description of AthyrU expanta 
states the ventral valve to be occasionally provided with a gentle median depres- 
sion. Nor do the fringed lamelliforni expansions in the sculpture of the shell seem 
to be entirely absent in tho European form, so far as we may judge from Sowerby's 
description and figures in his Mineral Conohology (PI. DCXVI, fig. 1). It is, 
however, true, that the median depression is extremoly shallow in the specimens 
figured by Davidson. Thus a distinction of the two species may possibly be based 
on this insignificant feature 

Of the ornamentation of the shell I can say but little. The numerous, imbri- 
cating striae of growth aro present, as in most of the congeneric forms, but I have 
not been able to verify Waagen's observation regarding the shelly fringes, the 
uppermost layer of the shell in my specimen having been injured by weathering. 

The measurements are as follows : — 



Entire length of the shell . . .26mm, 

Length of the dorsal ralre 23 5 „ 

Entire breadth of tba abell 82 

Thiekoeea ofWh eal.e 15 „ 

Apical angle of the aentral Take 186" 

,. „ .. .. dorsal „ 134* 



dumber of tperiment examined. — 1. 

Eemcrkt.- Waagen quotes A. tubexpama from the middle and upper divisions 



02 



II I MALAYAN FOSSILS. 



of the Salt Range Productus limestone. It is most abundant in the Virgal and 
Kalabagh bods, but very rare in the Katta beds of the middle Productus limestone. 
Whether it is also present in the upper carboniferous or permocarboniferous depo- 
sits of Russia cannot bo determined, as no figures of A. Boyssii have been given 
by Tschernyschcw and Nikitin, who quote tho latter species from Central Russia and 
from the Ural Mountains. 



1983. AtiyrU tapillaia, W»*gf>n, P.liBOntologia Indies, wr. xiii, Salt tmp FouQs, I, Product m Limntone 
Fo.«a», p. 47tf, PL XXXIX, fig». 6-9 1 PI. XL, hgt. 1-5 ; PL XLII, fi«a. 1-S. 

1892. Spiriqera Boyttii var. capiltat*. Rothpletz, Ui« Perm- Triar uod Juraforiuation aaf Timor and 
Botti, P«liooiit<igraphica, XXXIX, p. 81, PI. X, fig. 2. 

There is only one fragmentary specimen in the Tibetan collection, which exhi- 
bits tho characteristic ornamentation of this species, and may oonsoquontly be kept 
separate from Waagen's Athyrit Boyttii typica. The shell is of a nearly circular 
outline. Its valves aro more strongly inflated than in the majority of the speci- 
mens of A. Boyssii. The mesial depression in the ventral valve is shallow, but 
distinctly indicated. Tho very large number of lamellar strirc of growth, whioh 
are covered with thickly set hair-like fringes, is a good character of this species. 

Tho measurements of my specimen are as follows : — 



Number of specimens examined. — 1. 

Bemarkt. — Athyris Capitlata lias been quoted by "Waagen from the middle and 
upper divisions of the Salt Range Productus limestone, where it is very common. 
It has not been collected cither in tho lower Productus limestone, or in the 
Katta beds of the middle Productus limestone. Rothplotz discovered tho spocios in 
the collections, which have been made by Wichmann in the permian rocks of tho 
island of Timor. 



The genus Spirigerella was introduced by "Waagen (Pal. Indica, scr. xiii, 
I, p. 450) for such species of Athyrinee, as differ externally from Athyris, M'Coy 
(Spirigera, Orb.) in tho shapo of their apical region, the beak being bent ovor 
so strongly and appressed to tho apex of the dorsal valvo, that tho small foramen of 
the beak is entirely concealed. Internally the shape of tho cardinal process and tho 
mode of attachment of tho primary lamellae mark a character of distinction of 
Athyris. Rothpletz (Pala?ontographica, XXXIX, 1892, p. 82) docs not consider 
these characters of generic importance. Oehlcrt (in Fischer, Manuel dc Con- 
fhyliologio, III, p. 1299) and Zittcl (Grundzugc der Talocontologie, 1895, p. 240) do, 
however, accept Spirigerella as a subgenus of Athyris. In tho present memoir I 
have followed the tfews of these two learned authors. 



3. Athtris cafillata, Waagen. PI. X, fig. 5. 



Entire length of tHe .hell 
Length of tie dotial n\r e 
Until*, brradtb of tho »bdl 
Tbiek nen of tlie two TaWw 



25 5 mm. 
£4 . 



28 „ 
IB „ 



Subgenus: SPIRIGERELLA, Waagen. 
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In the pcrmocarbonifcrous limestone of Chitichun No. I, Sjsirigerella is re- 
presented by tlirco species. Two among them arc identical with forma, which have 
been previously described from the middle and upper divisions of the Salt Range Pro 
ductus limestone. 

1. SriitiGBKKLLA Debbyi, TTaagen. PL XI, fig. 4. 

1*83. Spirigmlla Deriyi", W*«gen, P»lirimt<>logi» Indira, mt. liii. Salt Range Fet**il«, I, Prodnetus Lime- 
stone Frw.li, p. 753. PI. XXXV, fig,. 4-7.9-13; PI. XXXVII. figa. 11-13; var. acuttplicata, 
p. 75-i. W. XXXV, fig.. 10, 11. PI. XXXVII. fig. 11. 

F i further >vr.nnt m.< riie nay monograph uf the fu-siU of the Prodnctua «li»le« (Pt. it of the preaont Tolnma). 

Thero is a solitnry specimen among the material from Chitichun No. I, which, 
according to my opinion, must bo identified with this species. In its dimensions it 
approaches most nearly the types, figured by "Waagen under the varietal denomina- 
tion acuteplicata (especially PI. XXXV, fig. 10), or the specimens from tho pcrmian 
Productus shales (Pt. iv of tho present volume, PI. V, figs. 6, 8). It is of the same 
size, a little longer than broad, and provided with a broad median fold in the dorsal 
valve, to which an equal sinus in the ventral valve corresponds. This sinus originates 
in tho frontal portion of the latter valvo only, and is only as deep, as in the typical 
form of the Salt Range spocicB. The beak is entirely appresscd to the apical region 
of the dorsal valve, its foramen being therefore absolutely concealed. A tonguo- 
shaped process is formed in tho frontal region by the different breadth of the shelly 
rones in the frontal and lateral portions of the ventral valve, as it has been like- 
wise noticed by TVaagen in his types from tho Salt Range. 

The surface of tho well preserved shell is entirely smooth. 

The measurements of this specimen are as follows :— 



Entire length of tha .Ml 16 mm. 

Length of the dori.lTi.lv. 13 5 „ 

Entire bmedth ol the thell 14 a 

Tliieknee* of both Talree 10 „ 

Apical angle of the Tentrol Take »*• 

dortal 110° 



Number of specimens examined.— 1. 

Remarks. — Spirigerella Derbyi is peculiar to permocarboniferous and permian 
strata. It is one of the most common fossils in the Virgal and Kalabagh beds of the 
middle Productus limestone and in the upper Productus limestone of tho Salt 
Range. In the Himalayas it has been collected by Griesbach in the permian 
Productus shales of Painkhanda. In America it occurs in the coalmeasures of 
Itaituba (Brazil), which, according to Waagon, ought to be correlated with the upper 
divisions of the middle Productus limestone. 

Tho shape of the sinus docs not allow an identification of the present species with 
Waagen's Sp. Derbyi var. acuteplicata. 
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2. Sfimgereila obakdis (Davidson), Waagen. PI. XI, fig. 3. 

1862. Atkgrit nbtilUa, Hall, Tar. gramjit I .n i !<: >i . Quart. Joorn. Oeal 8u. p London, XVII!, p. 38 
PL I, fig. 8 ( 7). 

18*3. Atkyrii nbtilit* nr. gmndi; D»vi laon, in L. do Koniock, Memeire »ur 1m (oaeilea palooioiqut-a 

reonefllie d»na l'Inde, p. 33, PI. IX, fig. 8. 
1883. Spirigirtlla grandu, Waagen. Palasontologi* Iodic*, eer. Salt Rang* Foaaila, I, Produciut 
, KoeeiU, p. 461, It XXXVI, fig.. 1-7 ; XXXVII, tig. 1. 



The Tibetan specimens do not vary so much, in shape and dimensions, as the 
representatives of this species in Salt Range Productus limestone, which have been 
figured by Waagen. The reason may, however, be found in the fact, that I had 
to deal with a rather small number and with adult individuals only. 

All are distinguished by a suborbicular shape, strongly inflated valves, a dis- 
tinctly oppressed beak, the foramen of which is very small and entirely concealed, 
and by the presence of a very shallow sinus. In the latter character they agree with 
the examples from MusakheyL figured by "Waagen on PI. XXXVI, figs. 3, 4. Both 
in the longitudinal and in the transverse direction the curve of the two valves is very 
equal. The frontal part is not produced. 

The ventral valve is about as deep as the dorsal one, and provided with a com- 
paratively small, strongly incurved beak, which is bordered on both sides by a very 
indistinct false area. The shallow depression, which corresponds to the sinus, is 
confined to the proximity of the front. In the dorsal valve no median fold lias been 
observed. Waagen describes the lateral margins of this valve as " hanging down 
laterally over the margins of the ventral valve in full grown specimens, thus envelop- 
ing them more or less." I have noticed this character in several of my specimens, 
though only in a slight degree. 

The ornamentation of tho two valves consists of numerous imbricating stria? 
of growth, which occur at irregular distances. In places, where the fibrous shell 
has been injured by weathering, very numerous but extremely thin, radial stria? 
mako their appearance within the zones, which are marked off by two lines of 
growth. 

In itsgenoral shape this species recalls Athyris globulins, Waagen (p.4S7, PI. 
XLI, figs. 1-3), but it is considerably larger and the rounded foramen, as it is ex- 
hibited in the latter form, is not visible in any of my specimens. 

The dimensions of my largest specimon are as follows : — 

Entire kngth of the .hell 30 mm. 

Length of the dtra.l r.lve 27 „ 

Entire breadth tt the shell 2« „ 

Tbickneaa of the two ralvee ......... 21 „ 

Apical angle of the ventral ruWe 95° 

., „ ^ dorul „ 107 4 

Number specimens examined.- 4 

Remark*. — In the Salt Range Spingerella grandis is almost entirely restricted 
to the middle division of the Productus limestone. Among 46 specimens examined 
by Waagen, there was only a Binglo one from the upper division. In tho middle 
Productus limestone it is common both in the Virgal and Kalabagh beds, but does 
not descend into the Katta beds. 
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3. Spieioerella perttmida, nov. sp. . PL XI, figs, 1, 2. 

This species, which is represented by two specimens only, stands in a similar 
relationship to Spirigerella grandia, Waagen, or to Sp. media, Waagen, as does 
Reticularia conularia, GrQnewaldt, to B. lineata, Mart. It differs from all the 
hitherto described species of the subgenus Spirigerella in tho very strong develop- 
ment of the apical region in the ventral valve. The greatest thickness of the two 
valves coincides with the cardinal region. 

The ventral valve is as deep or a little deeper than the opposite one. It is 
almost equally curved in the longitudinal direction, perhaps slightly more strongly 
in tho apical than in the frontal region. Transversely the bend is very steep in the 
proximity of the margins, but becomes rather fiat in the central portion of this 
valve. 

The apex is enormously inflated and strongly bent over. The beak is pointed 
and firmly appressed to the apex of tho dorsal valvo, its small foramen being thus 
entirely concealed. It is bordered on both sides by a comparatively large false area, 
which is not, however, marked off distinctly from the remainder of tho shell. Later- 
ally it is not overlapped by the margins of the dorsal valve, as is often the case in 
full grown individuals of Sp. grandia. Tho frontal part of tho valve is strongly 
produced. Of the two type specimens the one, which is distinguished by its more 
elongated shape, is provided with only a very shallow median sinus, whereas in the 
second the sinus is well developed and originates in the apical region, extending for 
about three quarters of the entire length of the valvo. 

The dorsal valve is more strongly curved in the transverse than in the longitu- 
dinal direction. The median fold is developed as a sort of an obtusely rounded 
crest, in which the lateral parts of this valvo unite, enclosing a right angle. This 
median crest originates in the very apex, but is only developed into a fold in tho 
frontal region. This fold is neither very prominent nor rectangular. A small part 
of tho apical region only is concealed below the beak of tho ventral valve. 

The ornamentation of the two valves is tho same as in Sp. grandia, or in Sp. 
Derbyi. Tho shell is fibrous in its structure, which is woll exhibited in a portion 
of the dorsal valve of tho specimen figured PL XI, fig. L 

Of the interior characters nothing, unfortunately, is known to me. Tho only 
feature, I havo been able to observe, is the enormous thickness of the ventral valve 
in the apical region, reminding me of Waagen* s description of Spirigerella grandia 
(loc. cit , p 462). 

The measurements of tho two typo specimens are as follows :— 



Entire length of tKe ehell 
Length of the dorul tkIt* . 
Entire breath of theebell 
ThMkoeee of both nltM 
Apical tn«le of the wntr.1 v»Jt» 



I(figl). 


11(6 


g-2). 


33 mm. 


33 


mm. 


** H 


245 




30 


27 




S3 .. 


£0 


- 


f • 


pp. 7CP 




ISO* 


120' 
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Humber of upeciment examined. — 2. 

Rema rk».— It appears to me, that the characters, which have been enumerated 
in the preceding diagnosis, especially the extraordinary inflation of the apical rogion 
in the ventral valve, are sufficient to distinguish this form from the hitherto described 
congenoric species. 

This species is certainly nearly allied to Spirigerella grandit, Waagon, or 
perhaps still more nearly to Sp. timorensig, Itothpletz (Die Perm- Trias- und Jura- 
formation auf Timor und Rotti, Paheontographiea, 1^92, XXXIX, p. 82, PL X, 
figs, -i, 5). My specimens didcr, however, from the figures of Sp. timorenais, given 
by Kothpletz, not only in the more strongly inflated apices of the ventral valve, 
but also in tho fact, that a considerably smaller part of tho apical region in the 
dorsal valve is concealed by the beak of the opposite one. Among the numerous types 
of Spirigerella from the permian rocks of Jul fa, which have boon united with true 
Athyrit in one single species, Spirigera protea, by Abioh (Geologische Forschungen 
in den Kaukasischon Landern, I. Th. Eino Bergkalk-Fauna aus dcr Araxesengo 
bei Djoulfa, Wicn, 1878, p. 52) there is especially the one figured on PI. VII, 
fig. 7 of his memoir, which recalls Spirigerella pertumida. It has boen described 
by Abich (loo. cit., p. 58) as Spirigera protea var. globularis, Phill. That it 
must bo kept separate from the true Spirigera (Athyria) globularit, Phill., has been 
proved by von Mollcr (Ncucs Jahrbuch, 1879, p. 225). It is probably identical 
with Spirigerella timorensi*, Kothpletz, a species, which this author himself believes 
to be represented among the variations of Abich's Sp. protea. An identification of 
this Armenian form with Sp. pertumida, is, however, impossible in spite of their 
general resemblance. In the specimen from Julfa the greatest thickness of the 
two valves is situated about half way between the front and the cardinal region, and 
the difference between the entire length of the shell and of the dorsal valve is only 
one sixth of the former, wheroas it is more than one quarter in the Tibetan species. 

Suborder ANCISTROPLGMATA, ZitteL 

Family: TOEAUBOyiTIDJS, Davidson. 
Subfamily: ENTELETINJE, "Waagcn. 

Genus : EXTELETES, Fischor v. Waldh. (8Y XTRIELASMA, Mook.) 

Tho genus Enteletet is represented in the permocarboniferous fauna of Chiti- 
chun No. I, by a now species, belonging to tho section of centrisinuati, Waagen, in 
which the ventral or smaller valve is provided with the sinus, and the dorsal or 
larger valve bears tho corresponding median fold. To this series of forms, the 
typical one of the genus, belong E. Lamarcki, Fischer v. Waldb., F. Kayseri, 
Waagen, E. hemiplufahts, flail, E. Iawii*imtti>, Waagen, E. carnieuo, Schellwien. 
My new species, which will receive the name of E. Techemytcheffl, is very nearly 
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related to E. Kayteri, and belongs to a group of forms of which E. hemiplica'.ut, 
Hall, is the prototype. 

1. Enteletes Tschkunyschbffi, nor. sp. . PI. V, figs. 7-11. 

This is a rather large species of slightly transversely oval or nearly circular 
outlines, and strongly inflated valves, of which the dorsal one is considerably larger 
and more strongly vaulted. 

The ventral valve is provided with a comparatively short, little prominent, 
moderately incurved apex, and with a high and concave area, which is cut open in 
the middle by a large triangular fissure. The median sinus originates in the apical 
region. In full grown specimens (fig. 9), it may be traced almost to the very apex 
of the valve. It is angular and bordered on both sides by high and tolerably sharp 
folds, which are followed on each side by three other folds. In some specimens 
a fourth fold is slightly indicated. These lateral folds likewise originate in the 
proximity of the apex. 

The dorsal valve, which is the larger one, is of a nearly semicircular shape. Its 
strongly incurved apex distinctly overhangs tho hinge line, which equals only one 
half the entire breadth of the shell in length. Tho area is considerably lower than 
in the opposite valvo, but likewise cut open in the middle by a large doltidial fissure. 
In this valve a strong median fold, originating in tho apical region, corresponds to 
the sinus of the ventral valve. It is followed on each side by throe or occasionally 
even by four lateral folds. Tho median fold is tho broadest and highest of all, the 
lateral folds gradually diminishing in height and breadth. The crests of the folds 
as well as tho median edges of the angular valleys between them are tolerably 
sharp. 

The front margin of both valves forms a deeply and sharply zig-zag shaped 
lino. Kumorous struo of growth, which are bent up and down in similar zig-zag 
lines, cover the surface of the two valves in the vicinity of tho front. In well pre- 
served specimens (fig. 11) a delicate, radial striation may bo noticed. 

Of the internal structure of this species I have only been able to make out 
traces of the three septa in tho ventral valve. 

The present spocios attains very considerable dimensions. As far, as we may 
judge from tho size of tho smaller valvo, figured on PI. V, fig. 8, it is not much 
surpassed in tliis respect by B. pentameroide$, Waagen, or by H. Sueui, Schollwien, 
the largest hitherto known species of this genus. 

Tho measurements of a modoratdy sized but fairly complete specimen arc as 
follows :— 



Entir* length of tbeehell 
Length of the doru) t»W* 
Entire breadth of the ihell 
Length of the hinge line 
Tliiekueea of both ralvea 



Height of the area of the emails thIt* 
Apical angle of the imaUnr v.Ue 
> n bl'g" H 



JO mm. 

18 n 
M 5 .. 

11 - 
19-5 ., 
1« ., 



116° 
102* 
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Number of specimens examined. — 11. 

Bemarhs —The prcFCJ.t species seems to be very closely related to E. Kayseri, 
Waagon hemiplicalus, Kayser now Hall, Oborcarbonischo Fauna von Loping, 

Richthofcn's China, IV, p. 179, PI. XXIV, figs. 2, 3) from the uppercarboniferous 
rocks of Loping. As may bo seen from the figures and descriptions given by 
Kayser, Waagen (Pal. Indica, ser. xiii, I, p. 553), and Schollwien (Falccontographica, 
1892, XXXIX, p 35), thoso two specios boar a strong resemblance, and must cer- 
tainly bo united in the same group of forms. Nevertheless the Tibetan species 
ran be easily distinguished from E. Eayseri by its more globular profile and by 
the strong plication of its valves. In E. Kayseri the number of lateral folds is 
always smaller, and both the folds and the median ridges in tho intercostal 
valleys arc neither so sharp nor do they extend so near the apical region, as in 
the present form. The remarkably flatter shape of the dorsal valve in E. Kayseri is 
also a good character of distinction. 

Thero is no other specios yot known from the section of the venfrisinuati, to 
which E. Tschemyschetfi could be more particularly compared. It is, however, very 
similar, if not actually identical, with a yet undescribed specios from tho pormian 
rocks of Sicily, which the pahcontological museum of the Vienna University has quito 
recently been able to acquire. 

This beautiful species is dedicated to Prof. Tschernyschew of St. Petersburg, 
who by his geological work in tho Ural Mountains contributed so considerably to our 
knowledge of the pakcozoio faunas of Russia. 

Family : RHYNCIIONELLIDJE Gray. 
Subfamily: RHYNCHONELLIN^E, Waagon. 

Genus : UNCINULUS, Bayle. 

Although representatives of the genus BhynchoneHa, Fisch., are not alto- 
gether absent from the permocarboniferous limestone of Chitichun No. I, they are 
extremely rare Among tho extensive material I have only found two specimens 
which may be attributed to this genus, and they are in a too fragmentary state of 
preservation to allow any specific determination. It is a rather astonishing fact that 
the family of Bhynchonellidce is almost exclusively represented, in the Chitichun 
limestone, by the genus Vncinulttt, which has been met with hitherto but very 
rarely, and in rather sporadic specimens only, in beds of a similar geological age. To 
this genus a species belongs, which I believe to bo identical with Beyrich's Rhyn~ 
chouelln timorensU from the island of Timor, and which is not at all rare iu tho 
Cliitiohun limoslone. 
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1. TJncinulus timobexsis, Beyrich. PI X, figs. 7, 8, 9, 10. 

lsflj, Shynckonell* Timorrntii, Bejrieli, UeW cine Kolitenkalk-Feunlj tod Timor, Abhtodlgn. K. Ak. 

Wild., Berlin, p. 71, PI. 1, dg. JO. 
1S83. Vnciauliu Tktobalii, Wnftra, PnUcontolofries Iodic*, ter. liii, !•"»]( R»nge Fosaila, I, Piadoeta* 

Limntone Fo«>i:>, p. 426, PI. XX XIV, fit;. 1 
1892. Blyackimella (Uncinuin) Timortntit, Rothpletz, Die Perm- Trim- and Janfurnulioa n.if Timor 

und Bo.ti. PJeontoK^phic, XXX I X . p. 87, PI. X, fig. 6. 

Beyrich based his diagnosis of this interesting species on a single specimen from 
the Ajcrmati river near Kupang on the island of Timor. Among "Wichmann's col- 
lections from the saino locality Rothpletz likewiso discovered a singlo specimen of 
this species. 'Waagen introduced the name U. Theobaldi for two specimens from 
the Productus limestone of the Salt Range, which, though resembling U. timo- 
remit very much, seemed to differ from the latter in some minor details. Rothpletz 
suggested that both V. Theobaldi and V. Jabiensif, "Waagen (PI. XXXIV, fig. 2, 
p. 42") ought to be united with U. timorensi* until their characters of difference, 
which are all within the limits of variations of a species, hare been proved 
constant by the comparison of more material. My examination of a large number 
of specimens has convinced me, that V . timorentit and V. Thtobaldi at least ought 
no longer to bo maintained as separate species, as they do not differ by constant 
characters. 

The points of difference, which Waagen considered to bo of specific value, are 
the following : Uncitntlus iimorewit is distinguished by the greater smoothness of 
the shell, the smooth part in the cardinal region of U. Theobaldi being considerably 
smaller, by the far broader median fold and sinus in comparison to the lateral parts 
and by the greater flatness or the nearly impressed form of the ventral valve. 

Among my specimens both tho typical forms of V. timorenaig and of 
V. Theobaldi aro represented, but linked together by a considerable numbor of 
intermediate types uniting one or moro of tho above mentioned characters, which 
"W aagen believed to bo of specific importance. The specimen figured on PI. X, fig. 
8, peifectly agrees with the typical U. Theobaldi. The lateral parts and tho median 
portion of tho shell are of nearly equal breadth, tho ventral valvo is flatly arched, 
not impressed, tho ribs cover nearly half the extent of the valve. In the specimen 
fig. 7, tho ribs are considerably shorter, tho smooth part occupying more than one 
half of the entire longth of the ventral valve. But this distinction, which is based 
on tho length of the ribs, loses all its importance from the fact, that in some of my 
specimens the ribs, although thinning very gradually, extend even as far into the 
apical region, as in Vncinulnt patterns, Waagen (loo. cit, p. 428). 

It will also bo found that in different examples tho breadth of the median 
portion, corresponding to tho mesial fold and sinus, varies considerably. In the 
specimen fig. 10, the median part of the sheU is more than twice as broad as the 
lateral portions, a proportion, which perfectly agrees with that noticed in Bcyrich's 
typo specimen. Nor is the shape of tho ventral valve a more constant character. 
In the specimen fig 9, it is barely less distinctly impressed than in the typical 
U. ti»torrns>*. 
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Of other variations the following may he mentioned : The shelly rectangular 
lohe, into which the median part of the ventral valve is prolonged, is very variable in 
its height, and bordered on both sides by either vertical or very steeply inclined 
margins. The number of ribs is also variable. I counted from eight to twelve ribs 
in the sinus or corresponding fold and an equal or larger number in the lateral 
portions of the shell. 

My examination of the fossil material in the Tibetan collection has convinced 
me, that Waogon's illustration of Uncinulua Theobaldi, is only one of the numerous 
modifications, assumod by this variablo Bpecies. After tho discovery of so many 
intermediate shapes it has appeared to me impossible to arrive at any other satis- 
factory conclusion, than that they are all variations of U. timorenaia. Both species 
apparently merge into each other so completely, that I cannot help considering them 
as specifically inseparable. 

I am not, however, inclined to add Uncinlum jabienaia, Waagen (loo. eft* 
p. 427, PI. XXXIV, fig. 2) to the synonyms of U. timorenaia, as has boenadvocated 
by Rothpletz. All my specimens of V. timorenaia are transversely oval and much 
shorter than broad. I have never met with a single type among them, representing 
the triangular outlines of U. jabienaia, or U. poaterua. I therefore believe the 
transversely oval shape of V. timorenaia, to be a good and constant character of 
specific importance The nuinl)er of ribs in U. jabienaia is also considerably smaller 
than in any of my examples of the present species. 

It is barely necessary to add anything olso to Waagcn's excellent description of 
77. Theobaldi. Regarding the internal structure of the species, I may only remark, 
that besides the tolerably largo dental plates in the ventral valve a modian septum 
has boon noticod in the dorsal valve. 

My largest specimon attains a diameter of 29 mm. Tho measurements of a 
median sized specimen are as follows : — 



Number of specimena examined.— 28. 

Bemarka. — The present species has been described both from the Kalahagh 
bods of the middle Productus limestone and from the Jabi beds of the upper 
Productus limestone in the Salt Range by Waagen, and from the permian rocks of 
Timor by Boyrich and Rothpletz. 

Loczy ("Wissenschaftliche Ergcbnisso dcr Reiso des Grafen Btfla Szechcnyi, I 
Th. "Wien, 1693, p. 723) quotes the species from beds of a probably pormocarboni- 
ferous age near Yar-ka-lo in South-Eastorn China. 



Entire length of the (hell 
Length of the dor nil valve 
Entire breadth of the shell 
Thickneai of both valvee 




12 ,. 

US' 



IS mm. 



Apical angle of the ventral valva 
>• n •> » dor»al „ 



ap,». 12U" 
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Subfamily : CAMAKOPIIOUIINA', "Waagen. 

Gonus : CAMAROPHOUIA, King. 

This characteristic and easily recognisable gonus is represented in the pernio- 
carboniferous fauna of Chitichun No. I, by three spocios, all of which belong to the 
group of Camarophoria crumena, Mart. Of these three species only one can be 
identified with a well known Salt Range form C. Purdoni, Davidson. The second, 
although very nearly related to C. Purdoni, must be considered as new speoies 
distinguished by its unusually large size and by the larger number of ribs, covering 
both valves. Tho third speoies is too imperfectly preserved to allow an exact 
determination. 

L Camarophoria Purdoni, Davidson. PI. XII, figs. 0, 8, 9. 

1*112 Camarepioria Pnrdoni, Parid«on, Qnarl. Joarn. fieol. Soe. London, XVI 1 1, p. 30, PI. Ill, fig. 4. 
1803. Cameropkuria Purdo*i, l>t»vi iaon. in L. da Kouinolc, Mrfuioire aqr lea fus«ila paloo.oi |i:a« recuoillia 

daiul' Indr.p M, PI. XII, t. 
1833. C Pur font, Win em. Salt Kan^e PoMila, Mr. xiii, Paboontotogie* India, I, Productaa Limeatone 

F,*.iU, p. 437, PI. XXXII. figs. 1-7. 
1890. C. Purdoni, Nikitiu, Mem. Com. 0(cl Ruaa., St. P^terabourg, V, No. 5, p. 71. PI. Ill, fijja.fl-7. 

This species is very common in tho permocarboniferous limestone of Chitichun 
No. I. 

The specimens do not vary greatly in their general shape and outlines. The 
majority among them are transversely oval, but examples are not at all rare in 
which the length and breadth of the shell are nearly equal. The valves are either 
strongly or moderately inflated. Flat specimons, like the one figured on PI. XII, 
fig. 9, are quite an exception. Both valves are convex, but the dorsal valve is 
always much more strongly vaulted The sinus in the ventral valve is rather broad, 
always broader than the lateral parts, but not deeply sunk in. The beak is well 
inourved and pointed, but it is very rarely sufficiently well preserved to oxliibit the 
triangular slit at its lower side. 

The ventral valve is covered with sharply rounded ribs of a rather irregular 
strength and number. They originate in the proximity of tho very apex, leaving 
a very small portion of the shell only entirely smooth. This is a good character of 
distinction between the presont species and C. erumena, Mart, or Ct pingui*, Waag., 
in which tho ribs are always restricted to the frontal, marginal and central portions 
of tho shell, wheroas the cardinal region is quite smooth. In average sized specimens 
there are from ten to eighteen ribs present in this valvo. There are from five to 
seven ribs within the sinus. On tho lateral parts of tho valvo tho number of ribs is 
rarely equal on both sides of the sinus. Like Waagon's types from tho Salt Range 
tho Tibetan specimens show a remarkable tendency to become unsymmetrical. 

The augmentation of ribs in full grown specimens is always due to tho inter- 
calation of new ribs, not to a bifurcation of the original ones, which remain 
undivided from the apical region to the front. 
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The dorsal valvo is distinctly subdivided into three portions, of which the 
median one is very broad, but not much elevated, rounded and slightly flattened on 
its top. The sculpture is of the same pattern as in the opposite valve, but the 
number of folds is, as a rule, a little larger. 

Traces of expansions have been noticed on the frontal and lateral margins of 
several specimens. 

The internal characters of the Tibotan oxamples agree perfectly with Waagen's 
and Nikitin's descriptions and figures. They aro, as a rule, better exhibited in the 
ventral than in the dorsal valve. The strong median septum is fixed to the dental 
plates so as to leave an ogival interval between the latter. In the dorsal valvo both 
the high median septum and the spathulate, trilobate plate havo boon observed. 

The measurements of an averago sized specimen are as follows : — 



Entire length of tba dell ......... 26 mm. 

Length of the dorsal ralre 23 fi „ 

Bntiw breadth of the iMI 38 „ 

Breadth of the median fold 18 „ 

TLickneea of both Take* 18 

Apical angle of the reotral t.It. 88* 

,. „ derail „ 112' 



Number of specimens examined. — 51. 

Remarks. — Thoro cannot, I think, be much doubt as to the identity of the 
Tibetan specimens with Davidson's species, as they agree with tho latter not only 
in their more important characters, but also in their minor details. 

The only other species, with which they might be compared, is Gamarophoria 
alpina, Schellwien (Palaxmtographia, XXXIX, 1892, p. 51, PI. VIII, figs. 4-8), 
which only differs from C. Furdoni in very minor details, but the number and 
arrangement of ribs in tho Tibetan examples is more in accordance with David- 
son's Indian species. 

In the Salt Range Camarophoria Furdoni is very common in tho Virgal and 
Kalabagh beds of tho middle Productus limestone, but very rarely extends into 
higher strata. N ikitin quotes the species from the Gshelian stage of the upper car- 
boniferous deposits of Central llussia. He likewise refers C. plicata, Tschernyschow 
(Mem. Com. Geok Buss., St. P&ersbourg, III, No. 4, p. 8C9) from the Artinskian 
horizon of the Ural Mountains to 0. Furdoni. 

2. Camakophoria gigantea, nov. sp. . Pi. XII, figs. 5, 7, 10. 

From Camarophoria Furdoti a species must be separated, which, although 
very nearly related to tho former, is readily distinguished by its very remark- 
able size and by the larger numbor of ribs in both valves. This species attains 
gigantic dimensions, surpassing largely in sizo all the types of C. Furdoni, which 
have been figured by Davidson, Waagen and Nikitin. Nor can any intermediate 
types be traced between the two forms. 

In their general shape and outlines the two species agreo perfectly with each 
other. The only difference consists in tho sculpture, which is formed by a larger 
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number of ribs in C. gigantea. Tbo ventral valve bears from eight to twelve ribs 
within the sinus, and from six to eight ribs in each of the lateral parts. In the latter 
the same tendency to become unsymmetrical, is exhibited, which is a remarkable 
character in C. Purdoni. In the dorsal valve the number of ribs amounts from twenty 
to thirty, of which always more than a third lie on the flatly rounded median 
fold. The ribs are highly rounded but not acute. Their augmentation is due to 
intercalation only. All the ribs remain undivided from the apical region to the 
front. No bifurcate ribs have been noticed in any of my specimens. 

Similar traces of lateral expansions, as in C. Purdoni have been observed on 
the frontal and lateral margins of several specimens. 

80 far, as I have been able to make out tho arrangomont of tho dental plates 
and septa, the internal structure is the same as in the preceding species. The figure 
PI. XII, fig. 10, gives a lateral view of the ventral and dorsal septa, which agrees 
almost entirely with Waagon's figure of these characters in C. Purdoni (PI. XXXII, 
fig. 6). 

The measurements of my type specimen (fig. 6) are as follows :— 

Entire length of the .hell 45 mm . 

Length of i'n« dorsal t»It» 43 „ 

Entire breadth of the ahell 62 5 „ 

Breadth of the mediae fold 39 „ 

Thicknete ofboth t»lree M „ 

Apical angle of the rentral ralre 107° 

„ » m m do"* 1 n 118* 

Number of specimens examined.— 25. 

Bemarka.— The specific claims of this form may perhaps be considered un- 
certain by some palaeontologists, but tho distinctions suggested in the preceding 
diagnosis are, in my opinion, of sufficient importance to allow it to be maintained as 
a separate species. Its remarkable size and the larger number of ribs constitute 
appreciable differences between the present species and 0. Purdoni, although both 
are certainly very nearly related to each other. 

By its unusually large dimensions this species recalls C. Plicata, Kutonga, from 
which it is, however, distinguished by the character of its ornamontation. In the 
Russian species tho ribs are augmented by bifurcation, which is never the case in 
the Tibetan types. 



3. Caharofhoria sp. ind. ait. C. crumena, Mart. . PI. XI, fig. 8. 

A third Bpecies of the genus Camaropkoria is represented among the mate- 
rial from Chitichun No. I by throe specimens, attaining a length of 8 to 12 mm. 
only. The internal arrangement proves that they belong to the present genus. In 
their outlines and sculpture they recall C. orumena, Mart., and C. pinguis, 
Waagon. They differ from C. purdoni, in which the shell is almost entirely covered 
by ribs, even in quite young individuals (vide PI. XII, fig. 8), by their ribs being 
restricted to the frontal portion of the shell and being acute on their tops. Tho 
number of ribs within the sinus varies from two to four. 

K 
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As apparently no full grown specimens are among the Tibetan examples, I must 
leave it undecided, whether they should be attributed to one of the two above quoted 
forms, or to a separate species. 

Suborder: ANCYLOPEGMATA, Zittel. 

Family: TEBEBRA T ULIDM, King. 
8ubfamily : TEREBRATULINJJ Waagen. 

8ubgenus: DIELASMA, King. 
1. Dielasma dipxbx, Waagen. PI. XI, figs. 6, 7, (?) fig. 5. 

18*8. Diel-m* UfU*, WMfftn, Ftl«onto1ogi<» Iodic*, *er. ziii. S»lt fUn K c Fouil*. I, Products* LimMtoM 
Fouilt, p. 349, pi. XXV. Egs. 3. 4, 8. 

Among a small number of specimens, by which the subgenus Dielaama is re- 
presented in the Chitiohun fauna, the two examples figured (figs. 6, 7) may, in 
my opinion, be safely identified with the present species. The rest I must loave 
undetermined. My reasons for doing so will bo easily understood by any one who 
has had to deal with incomplete forms belonging to a genus, in which the specifio 
distinctions havo boon based on very subordinate details alone. A species of so 
largo an extension, as was Dielaama tacculut, Martin, as defined by Davidson, 
may be of little use for stratigraphical or for biological purposes, but it can scarcely 
be denied, that 6pecies of so narrowly restricted, as those which have been intro* 
duced by L. de Koninck in Dielatma, are likewise practically useless. 

The two figured specimens exhibit the elongately pentagonal outline, which is 
peculiar to Waagen's specimen Fl. XXV, fig. 5, from the middlle Product us 
limestone of Musakheyl. They are, however, somewhat variable in their general 
shape, the specimen fig. 6 being more strongly elongated and having its greatest 
transverse diameter shifted considerably nearer towards the frontal part. The most 
conspicuous character, which is especially well developed in the specimen fig. 7, 
is the presence of two converging folds in the dorsal, and of a straight mesial fold in 
the ventral valve. In my second specimen, which has been slightly deformed by 
pressure, these characters are less distinctly indicated. 

The ventral valve is provided with a tolerably large and thick beak, which is 
pierced by a broad, oval foramen. The apex is slightly bent over but not approssod 
to the apex of the dorsal valve. The small deltidium is clearly visible in the spe- 
cimen fig. 6. From both sides of the foramen indistinct ridges descend for a 
■hort distance to the lateral parts of the valve, bordering the broad false area, whose 
lower part is not, however, distinctly marked off from the remainder of the shell. 
The frontal line is distinctly biplicate and produced into two slightly bent up lappets, 
corresponding to the two folds of the dorsal valve. The obtusely rounded, low 
ridge originates in the middle of the length of the valve, and graduallv increasing 
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In width, reaches down to the front line. It is bordered on both sides by low, 
rounded depressions. 

The dorsal valve is much more strongly vaulted in the transverse than in the 
longitudinal direction. In the apical region two indistinct, rounded folds originate, 
which diverge towards the front line leaving a low, triangular depression between 
them. In the specimen fig. 6 the marginal slope of these folds is marked by a 
distinct bend in the transverse profile of the valve. 

Of the internal structure the presence of strongly developed dental and septal 
plates has alone been determined. 

The measurements of the specimen figured on Fl. XI, fig. 7, are as follows : — 



Sntii* Wngth of tke ih»II Si mm. 

Langth at the dorm] rmlra 8>>6 » 

Kntii.. Wndth of tf.oil.eH 26 

TMckMM of both nlrea 16 6 „ 

Apic»l »n gle of the vent r»I v*l vo . ■ . . . . 75° 

„ » „ „ duntl , . 105° 



Number of specimens examined. — 2. 

Remark*. — It is only with great hesitation, that I refer the adolescent specimen 
PL XI, fig. 5, to the present species. In this specimen the peculiar characters of 
Diela$ma biplex are not yet distinctly indicated. 

In the Salt Range D. biplex is restricted to the middle Productus limestone. 
Waagen quotes it from the Virgal and Kalabagh beds, but not from the Katta beds 
of this division. 

The specimens of Dielatma are too incomplete to state whether other species 
besides the present form, are represented among them, 

8ubgenus: Hbmipttchina, Waagen. 

The genus Hemipty china has been introduced by Waagen for such species of 
TerebratulincB fimbriate, in which distinct septal but no dental plates have been 
developed. Bothpletz (Paheontographica, XXXIX, 1886, p. 72) rejected Waagcn's 
genus, which ho considers to bo merely a stage of development in different series 
of the genus Terebratula. Oehlcrt (in Fischer's Manuel de Conchyliologie, III, 
p. 1816) likewise classes Bemiptychina among the synonyms of Terebratula. 
Deslongchamps (18*4.) however elevated the species united by Waagen in bis genus 
Memiptychina at least to the rank of a distinct group (a) of Terebratula, and 
Geheimrath von Zittel in his recently published Grundziige der Fabxontologie 
(p. 275) advocates the retention of the name Hemipty china as a subgeneric deno- 
mination. In the present memoir the latter view has been followed. 

In the permocarboniferous fauna of Chitichun No. 1 the subgenus Hemipty- 
china is represented by three species, all of which are identical with Salt Range 



76 HIMALAYAN FOSSILS. 

L Hemipttchisa hihalateksis, Davidson. PI. XII, fig. 4. 

1862. Tirtbratula kimalaymtit, Davidaw, Quart. Jonrn. GeoL Sw. London, XVIII, p. 27, PI. II, fig. 1. 
1H63. T. kimalaytntit, DavHeon, in L. da Kuniock, Mjmoira ear let foaaila pal&notquet recueiltia dana 

llnde, p. 33. PI. IX, fig. 1. 
1878. T. : i • ■ Waag»n. R«c. 0«ol. Surv. Ind., XI, p. 186. 

1863. Htmiptfchinm AiWa.ve *<■«. Wnpi, Pal. Indica. ear. xiii. Bait Bang* Foaaila, I, Productue Lime- 

atone Foaaila, p. 368, PL XXVI, figi. 6-10. 

Tliis species is represented in the collection from Chitichun No. I by two 
specimens, agreeing perfectly with the figures and descriptions given by Davidson and 
Waagen. 

The specimens are strongly elongated, truncated at their front, and provided with 
ten or eleven sbort folds. The two valves are equally vaulted. The beak is pierced 
by an oval foramen. The sculpture of both valves is smooth up to within a few 
millimetres of the margins, where the short rounded ribs are developed. In my 
examples, which have been slightly deteriorated by weathering, only the four or five 
folds occupying the front, arc distinctly visible. 

The measurements of my larger specimen are as follows : — 



Entire length of the ulirB ......... 28 mm. 

Length of the doraal vulva . ««•••«•« 18*6 „ 

Entire breadth of the ahcll 16 „ 

Thielraaea of both valrta 14 

Apical angle of the ventral ralro 70° 

» .. doraal „ app. 110* 



A'umber of specimens examined. — 2. 

Remarks — The present species is very common in the middle and upper Pro- 
duct us limestones, but very rare both in the Katta beds and in the lower Produc- 
tus limestone of the Salt Range. Mr. Hughes collected it in a white crinoidal 
limestone in the Central Himalayas near one of the passes leading from Milam into 
Hundes. 

2. Hbmiptychina sparslplicata, Waagen. PI. XII, figs. 1, 2. 

1582. Bemiptyriina tpariiplitata, Waagen, ear. xiii, Salt Range Foaaila, Pal. Iodic*., I, 

atona Foa.il., p. SOU, PI. XXVII, figa. 4, 6, 6. 
18D2. Terebralula ttmttq—tk »ar. tpjrtipiieatt, Rnthplett, Die Term- Tria». and Jtiraiornntion auf 

Timor und Rotti, P.Wcvgraphic, XXXIX, p. 86, P). X. fig. 10. 

This species, which is a little more numerously represented among the collec- 
tions from Chitichun No. I is only distinguished from Hemiptyohina himalayemis 
by tho smaller number of its folds. 

Tho two species are linked together, according to Waagen's own statoment, by 
a number of transitional forms. Nevertheless Waagen "thought it expedient 
to note the typical form of S. sparsiplieaia by a special name " by reason of 
its geological importance. To B, iparsiplicata a mere varietal rank has been attri- 
buted by Rothplctz. I deemed it preferable to follow Waagen'a view, without 
overrating the geological importanoo of the two species, the number of which among 
my material is altogether too small to allow any conclusion in this respect. 
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In all the examples under description the number of folds is considerably 
smaller, than in the two figured typos of H. hitnalayenti*. The species is rather 
\ arable in its outlines. The specimen figured on PL XII, fig. 2, exhibits the 
round-sh shape and the large apical angle, which, according to Waagen, chiefly 
characterize the typical form of B. epatsiplieala. Fig. 1, on the contrary, represents 
a specimen of unusually elongated outlinos. 

The measurements of a specimen, agreeing with the typical form of H. tparti- 
plicata (fig. 2) are as foUows :— 

Entirn length of the «M1 . 20 mm 

length of the doml valre U 

Entire breadth of the >bell ...... I 15 6 

Thiek 0 „,of bothralve. . * " 12 , 6 * 

Apical angle of the rentnJ valve 82' 

d<,rwl 114' 

Number of tpeciment examined.— %. 

Remark*.— The present species is abundant in the lower Productus lime- 
stone and in the Katta beds, hut rare in the Virgal and KAUbagh beds of the Salt 
Range. From the permian rocks of Timor the species has been quoted bv Roth- 
pletz. 

3. Semi pttchima inplata, Waagen. PL XII, fig. 3. 

1882. Himiptgckina infata, Waagen, Palmontologia Indu», wr. xiii. Bait Range Foaails, I, Prod oo tea 
Liniwlone Faeeile, p. 372, PI. ZXVI1, i- 7, 8,8. 

To this characteristic species I can attribute only a single specimen, whioh is 
distinguished from the other specimens of Ilemiptyehm* by its large size, its 
strongly inflated valves, its globular outlines, and its distinctly developed plications, 
whioh extend across the largor portion of the shell to the front line. 

My specimon has been considerably damaged by weathering. In the dorsal 
valve especially the sculpture has been almost entirely destroyed. But the consi- 
derable inflation of the shell and the character of the folds which in the ventral 
valve originate in the proximity of the apical region, make a distinction from the 
two proceding species an easy matter. There are about ten folds present, four of 
whioh occupy the frontal portion of the ventral valve. The absence of any dental 
plate in this valve does not allow the present specimen to be confounded with Die- 
laemina plicata, Waagen. 

Tho measurements of this specimen are as follows : — 



Entire length of the abell . . 
Length of the denial valre 
Entire breadth of the ibell 
Thicknest of both »alree . 
Apieal angle of the wntral vulve 
t. -, dortal „ 



20 
19 
19 



.pp. 70° 
.pp. 120" 



Number of spec mens examined.— 1. 

Bemarke.—Eemiptyohinainftalak quoted by Waagen from tho Virgal and 
Kalabagh beds of the middle Productus limestone and from the lowest bods of the 
upper Productus limestone in the Salt Kange. 
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Genus: NOTOTHYltlS, "Waagen. 



1. NoTOTHraw triplicata, nov. sp.. PI. XIII, figs. 1, 2. 

It is only on tho analogy of its external Bhape, that I place the present species 
in Waagon's genus Notothyria, as I have not been able to make out the internal 
characters, although I have sacrificed a good number of specimens for their investi- 
gation. Nevertheless tho reference of this species to Notothyria is barely more 
doubtful than Waagen's identification of Terebratula djoulfen*i* t Abich, with 
one of his species of Notothyria from the Salt Range Productus limestone. 

In their general shape and outlines Notothyria and Henvptaohina exhibit a 
remarkablo similarity. According to Waagen's statement, however, there is in 
Memiptychina always a certain tendency to form a slightly vaulted frontal line, 
whilst in Notothyria, on the contrary, the tendency prevails to bend the frontal line 
in the opposite direction. In my specimens a very distinct sinuation takes place 
in the frontal line, so much so, that tho indentations corresponding to the folds of 
the frontal region are situated at a lower level than those of the lateral parts. This 
peculiar feature marks the present species as fo rmin g part of the genus Notothyria. 

The general outline of the present species is elongately oval or indistinctly 
pentagonal. The two valves are of very unequal depth, the ventral valve being 
much more strongly inflated than the opposite one. 

The ventral valve is strongly curved both in the longitudinal and transverse 
directions, but even more so transversely. Longitudinally the curvature is very 
equal, but transversely it is slightly flattened in tho middle portion of tho shell. 
The beak is moderately thick, prominent, but not strongly bent over. It is pierced 
by a small foramen just behind its apex. An indistinctly limited off false area 
extends for a short distance from both sides of the beak. 

The most characteristic feature in this valve is its peculiar sculpture, which 
remarkably differs from the ornamentation in all the hitherto described species of 
Notothyria. The valve is smooth for about half its length from the beak. Then 
thcro appear two very strong, sharp folds, which extend down to the front and very 
distinctly separate the frontal portion of the valve from the lateral parts. In the 
rounded valley, which is enclosed by these two folds, a third median fold rises, which 
is, however, slightly inferior in strength. On each side of the frontal portion of the 
valve one or two short lateral folds are developed. The margin of the valve is dis- 
tinctly sinuated in tho frontal region, so that the indentations corresponding to the 
three folds of the frontal part are situated at a lower level than those of the lateral 
parts. 

The three high and sharp frontal folds, of which the middle one is slightly less 
strongly marked, are a constant character in all tho numerous specimens, which I 
have been able to examine. 

A great many imbricating stria? of growth are crowded together in the proxim- 
ity of the margins, whereas few only are developed in the middle portion of the 
valve. 
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The dorsal valve is rather flat and always remarkably loss strongly vaulted than 
the ventral one. In the longitudinal direction it is, however, strongly deflected in 
the vicinity of the front, frequently imparting to the entire shell a slightly truncated 
shape. In this valve the folds are much shorter than in the opposite one, and three 
quarters of its entire surface remain almost perfectly smooth, except for the imbri- 
cating strife of growth. Four comparatively strong folds are situated on the frontal 
part. The lateral folds are but indistinctly developed. They occur to the number 
of one or two on each side of the front. 

The front margin is slightly prolonged, corresponding to the sinuation of the 
ventral valve. 

Of the internal characters of this species Dothing is known to me. 
The measurements of one of my type specimens are as follows : — 

Entire Imgth of lb* tb*U .90 mm 

Length of tl.e donal nive ......... 17 „ 

> breadth si the ibril 15 ,. 

[bother. 15 . 



Apieal eagle of the tmtrel t.1*. 67* 

„ „ „ „ dorwl W 



Number of ipecimeni examined.— 28. 

Bernard.— This species of Notothyrit is easily distinguished from all the other 
congeneric forms by its peculiar, triplicate sculpture. Nor is any species of 
Hemiptychina known to mo, to which it might advantageously be compared. 

In my preliminary report, on the goological results of the Himalayan expedi- 
tion to Johar, Hundcs and Painkhanda in 1892, 1 have quoted N. rimplex, Waagen, 
among the species of this genus, represented in the permocarboniferous fauna of 
Chitichun No. I. After a careful examination of the specimens in question, I 
prefer however to abandon this view, as these examples are too imperfectly pre- 
served to allow any satisfactory 



2. Notoththis CP. subvesicttlams, Davidson. 

im. TtrtbrttMlt nbvttinUrU. V*,\dmm, Qt»rt Joorn. Geol. Soc. XVHI. p. 87. PL II. ft,. 4. 
1B6S. TnhntnU nbivUnlorU. Ifcrideon, in U d. Konioek, Mfooirt .ur U foM.te. pelootoiooe. ,»cwilli. 
dMNllnd^Ftt, PI. IX. fig. 4. 

1882. S %£^ W9 ^^^£^ nsSttVt9t i " Bl,a * lt "** F< "" U ' 1 Prod,,otB ' 

I am unfortunately unable to give an adequate figure of the Tibetan represent- 
atives of this species, the only two available specimens having been sacrificed in 
fruitless attempts to make out their internal structure. I must consequently 
abstain from giving a detailed description but shall confine myself to the statement, 
that among the permooarboniferous fauna of Chitichun No. I. a few examples have 
been noticed, which in their external characters entirely agreed with Davidson's 
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species. Prof. Wan gen who examined my specimens, likewise declared them to be 
identical with Hotothyrit tubveaioularit. 

In the Salt Kango this species is characteristic of the upper region of the 
middle Productus limestone (Virgal and Kalabagh bods). In the upper Productus 
limestone it is extremely rare. Outside the Punjab it has been mentioned by 
"Waagen from a white crinoidal limestone, which was picked up by Mr. Hughes 
near one of tho passes leading from Milam into Tibetan territory. 

Class: BROYZOA. 

Order : GYMNOL-EMATA, Allm. 
Suborder.- C Y CLOSTOM ATA, Busk. 

Family: FENESTELL1DJE, King. 
Genus : FENE8TELLA, Lonsdale. 

1. FjBNESTEIiLA 8P. 1M). . PI. XIII, Fig. 3. 

Among the material from Chitichun No. I a few small fragments of colonies 
may be safely attributed to this genus. All the rest of Bryozoa in the collection 
are too badly preserved to allow any diagnosis. Nor did I dare to attempt a 
specific determination of the figured specimen of a Feneitella, as of the two 
faces of tho colony the non-poriferous is alone accessible to observation. I have 
entirely failed in preparing tho poriferous side, which is not only firmly attached to 
the rock, but also completely dostroyod by having been altered into crystallized 
calcite. 

The largest fragment of a colony available for description is fan-shaped, with- 
out the presence of any marked axis. It recalls F. cirgosa, Eichwald (Lethtra 
Rossica I, PI. 23, fig. 9, p. 359), but tho meshes of tho network are a little 
larger. The branches are rather thin, of equal thickness for their whole extent, and 
bifurcate in a somewhat irregular manner. Otherwise thoy run tolerably parallel 
to each other. 

The fenestrulos are oval or rectangular, with rounded off corners, and consider- 
ably longer than broad. There are about three fenestrulos within tho space of 
5 mm. in the direction of tho extension of the branches, and four in the transverse 
direction* The branches and tho dissepimonts are of nearly equal thickness. 

The presence of an indistinct longitudinal striation of the branches cannot be 
positively asserted, as the surface in all the specimens appears to have been slightly 
injured by weathering. 

Number of tpeciment exami>ied.~-L 
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ECIIINODERMATA. 

Clan: CRINOIDEA. 

In tho permocarboniferous fauna of Chitichun No. I only stem joint* 
of representatives of this class have been preserved. Although very abundant, 
they are insufficient for generic determination. I must consequently abstain from 
giving descriptions or figures, and merely record their prosence in the Chitichun 
limestone. 



CCELEFTERATA. 

Class: SPONGLE. 
Subclass: CALCISPONGIjE. 

Order: 8YCONES, HasckeL 
Suborder : SPH INCTOZO A, Steinmann. 

Family: SPHAROSIPIIONIDjE, Steinmann. 

Genus: AMBLYSIPHONELLA, Steinmann. 

In placing Amblyriphonella among the Sy cones, I am following the view of 
Rauff. (Palseospongiologie, I. Theil, Pakeontographica, XL, 1893, p. 102), who 
does not share the opinion expressed by Steinmann (Pharetronen-Studien, Neues 
Jahrbuoh, 18^2, II. Th., p. 169) and Waagen, regarding the systematic position of 
this genus among the Pharetronet. 

I regard a specimen, which, notwithstanding its rather fragmentary state of 
preservation, appears to be nearly related to reticulata, de Kon., but differs by its 
comparatively smaller size, as a typical representative of the genus. 

L Ambltsipbonella, app. vesiculosa, de Koninck. PI. XIII, Pig. 4. 

The fragment available for description consists of five segments, of whioh 
only the lower three are tolerably perfect. The segments are shortly cylindrical 
with convex sides, and separated from each other by deep furrows. The outer walls 
of tho segments are thin and perforated all over by numerous, very small pores. 

Both longitudinal and transverse sections exhibit a moderately wide central 
tube, bordered by a rather thick wall. It is surrounded by the circular chambers, 
corresponding to the segments, in the shape of broad rings. 
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I have not succeeded in making out tho details of the internal structure 
although the presence of numerous vesicles within the chamhers has been noticed. 
The measurements of this fragment are as follows :— 

Entire length of the fragment 26 nun. 

DinjDcter of the third te^ment 136 „ 

„ „ „ lowest * 12 m 

Height of the third wfiment 6 ,. 

Width of tbo central tube 8 5-6 „ 

Number of specimens examined.— 1. 

Remarks, — This fragment is rather nearly allied to Amblytiphonella vesiculosa, 
de Koninck (Waagon, Pal. Indies, scr. xiii, I, p. 973, PI. CXXII, fig. 1), from 
which it differs by its considerably smaller size. In this respect it agrees with A. 
Barrom, Steinmnnn (Neues .Tahrbuch, 1882, II. Th., p. 109, PI. VI, fig. 1) from 
the carboniferous rocks of Scbargas in Spain. From the latter species it is howover 
readily distinguished by its cylindrical shape, the angle of emergence being con- 
siderably smaller than in A. Barroisi. 



Class: ANTIJOZOA. 

Order : TET It ACOR ALLIA, Haeckel. 
Family: CYATLTOPUYLLIDAB, IL-cckeL 

Genus : LONSDALE IA, M'Coy. 
1. Lonsdaleia indica, Waagen and Wentzel. PI. XIII, figs. 5, 6. 

1888. Xo.irfaWa Mica, Wwgen and Went*... PuLrontolopi. India., tor. Salt B»ng» TomU, I 
PruJuotu. Limeetone Fo»ili. p. S97, PL CI. fi S .. 1-3, PL CXV, &g». 3-L 

This is by far tho commonest species of coral in the Chitichun limestone. Part 
of tho south-eastern slope of the crag of Chitiohun No. I is made up almost entirely 
of a coral rock, composed of corallites, which in every respect agree with Lonsdaleia 
indica from the Salt Range Productus limestone. 

Tho compound corallum is composed of cylindrical, tolerably straight corallites 
which are rather far apart and are only in very few cas«» blended together. Their 
surface is covered with numerous transverse wrinkles, and exhibits a delicate longi- 
tudinal striation. The diameter of the calicos varies from 3 to 7 mm. No traces 
of a secondary wall are indicated. The columella occupies nearly a third of the 
diameter of tho entire calix. There are about twenty primary septa, and an equal 
number of secondary ones. 

In transverse thin sections (PI. XIII, fig. 6c) the transverse lamella, which 
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forms the centre of the columella, is very distinctly exhibited. This character 
makes a distinction of L. indica and L. tirgalensi*, Waagen and Wentzel (loc. cit. 
p. 900, PL CXVE, fig. 2 ; PI. CI, fig. i) from all the congeneric species an easy matter. 
It Ls the presence of this central transverse lamella, and the exceptional arrangement 
of the tahuhc, which in Waagen's opinion, might even be considered sufficient 
for the introduction of a distinct generic denomination for L. indica and its allies. 

Erom the central transverse lamella radiating lnmeUrc originate, which are 
orossed by a concentric lamellation. The columella is marked tff very sharply from 
the remainder of the calyx by a distinct wall. This wall is reached by the majority 
of the primary septa. A few of the latter are even brought into contact with 
one of the radiating lamella? within the columella. The intcrseptal dissepiments 
arc very, numerous, but are not arranged regularly so as to form concentric acces- 
sory walls. 

Bemarks.— I think there can be scarcely any doubt of the identity of the 
specimens from tho Chitichun limestone with lonsdaleia indica. The larger 
diameter of tho branches and the irregular arrangement of the interseptal dissepi- 
ments forbid an identification with L. virgaletuit, which Ls, however, very nearly 
allied to L. indica and is only distinguishable by very subordinate characters. I 
know of no other species of tho genus Lonsdaleia, with which ray specimens could 
be advantagoously compared. 

In tho Salt Range L. indica occurs in very Lirgc numbers in the coral beds of 
tho middle Productus limestone (Virgnl beds), but extends also, though more rarely, 
into the Kftlabagh beds and Khundghat beds. It has neither been found in the 
Amb beds nor in tho Katta beds. 



Family : ZAPERENTIDJB, Htrckel. 

Genus : Ail PLEXUS, Sowerby. 

1. Amplkxtjs, sp. ind. apf. Abichi, Waag. and Wentzel. PL XIII, fig. 7. 

Among the corals from Chitichun No. I there arc a few specimens belonging to 
this genus, but their state of preservation is unsatisfactory, and tho matrix so 
spathic that their structure cannot bo made out well enough to permit of specific 
determination. I must consequently while drawing attention to their remark- 
able similarity to A. Abichi, Waagen and Wentzel (Pal. Indica, ser. xiii. I, p. 903) 
abstain from any identification with previously described species of Amplextu. 

The corallum is simple, subcylindrical, straight or slightly curved, and pro- 
vided with strongly prominent, rounded or imbricating wrinkles of growth, com- 
pletely encircling the corallum. The epitheca is comparatively thin and covered 
with very numerous and delicate longitudinal stria?. Tho outer walls of the sopta 
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show through the epitheca in the shape of thin, straight lamellae. To a diameter 
of 14 mm. of the corallum 24 septa correspond. They are short, hut their exact 
length cannot be made out in consequence of the spathic character of the matrix. 
Tho tabula? are flatly curved. The shape of the calix is unknown to me. 

The species, to which the present one seems to be most nearly related, aro Am- 
plexut Abichi (A. coralloides, Abioh., Gcologischo Forschungen in den Kaukasischen 
Landcrn, I. Th. Eino Bergkalkfauna aus der Araxes-Enge bei Djoulfa, p. 67, 
Fl. XI, fig. 10) and A. coralloides, Sowerby. The similarity with other congeneric 
species, described by L. de Koninck in his monograph of the carboniferous fossils of 
Belgium and by Stuckenbcrg in his memoir on the corals and bryozoa of the car- 
boniferous rocks of the Ural and Timan (M<5m, Com. Geol. Buss., St Petorsbourg, 
1895, X, No. 3 ) is less close. I do however not venture to identify my specimens 
any of the two above quoted species, as my insufficient knowledge of their internal 
characters forbids an exact determination. 



Pboblematica : Gen. et sp. ind. . PI. XII, fig. 8. 

Among the material from Chitichun No. I there is a very strange fossil, whose 
determination has puzzled mo for a long time. I havo tried in vain to make out to 
which class of invertebrates it might belong. Nor havo any of my learned friends, 
who examined this curious fossil, arrived at a more satisfactory conclusion. Perhaps 
its truo character will be revealed by tho discovery of more complete specimens. 
I, therefore, give its description and figure, notwithstanding the impossibility of 
ascertaining its zoological position. 

Tho specimen in question consists of a system of root-like appendages, uniting 
with a central ring-shaped body. The root-shaped appendages, which occur to 
the number of five, exhibit a semicircular arrangement and are fastened both to 
the central main-body and to each other. By reason of their semicircular shape, 
however, they touch each other for a short distance only, and afterwards strongly 
diverge. Triangular spaces are loft between the places, where two neighbouring 
appendages are attached to the body and to each other. The appendages 
terminate in Bharp points. The largest diameter is about 5 mm. The diameter 
of the central, ring-shaped body attains nearly the same size. The largest diameter 
of the slightly elliptical inner portion, encircled by this body, is about 16 mm. 

The internal structure of the fossil is very peculiar. Both the main body 
and the appendages aro divided by deep transverse furrows into numerous segments 
of irregular size. These furrows correspond in the ring-shaped body and in the 
appendages, and unite in the places where the latter are fastened to each other. To 
these deep furrows a very large number of delicate transverse furrows is added, 
which are more distinctly preserved near the outer margin of the fossil and thus at 
a superficial glance give tho impression of a proper marginal zone, distinguished by 
their presence. This is, however, not the case, but the delicate transverse furrows are 
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seen to continue throughout the entire thickness of the appendages and main body 
wherever tho latter are fairly preserved. 

I first thought that this strange fossil might belong to the Calcitpongiee, and 
ought perhaps to be placed in the relationship of Amblytiphonella radicifera, 
Waagen and Wentzel (Pal. Indica, ser. xiii, I, PL CXXIII., CXXIV, fig. 1. 
p. 975). This was also Prof. Waagen's view when he first examined the specimen. 
Geheimrath von Zittel, however, one of our most competent authorities on this 
subjeet, after a close examination of the Tibetan fossil refusod to acknowledge the 
possibility of its belonging to the Calctnpongia, and suggested a similarity, though 
rather distant, to crinoid roots. The fact of the specimen being unique forbade the 
use of the grindstone. I could therefore only prepare a single section of its out- 
lying portions for microscopical examination, but this section revealed nothing 
of the characteristic structure of Echitiodermata, although this structure may only 
have been destroyed by the process of fossilise tion. 

The fossil in question must consequently still be treated as a problematicum. 



STRATIGRAPHICAL RESULTS. 

The fauna of the limestone crag of Chitichun No. I is composed of the follow ing 
species:— 

CmmciA. 

1. FkiWptia Middlemitti, Diener. 

2. Cktiropygt Aimalaytmit, Diener. 

3. Stacieocerai Trimnrli, Diener. 

LlMBLUBaiNCHIATl. 

4. Jvicnlopecien aff. jabienti, VTasgen. 

Bsicuiopoda. 
6. Produetut limealui, Waa<». 



0. 


»• 


Cora, d'Oib. 


7. 


« 


tmirdieulatui, Mart. 


8. 


» 


bolitieinit var. CAituksmentu, Diener. 


8. 


» 


ef. lutcoita/ut, Waag. 


10. 


M 


jraliot*s, Waair. 


1L 


M 


tancriniformi*, T»cberny»cliew. 


18. 


» 


Abieki, Waag. 


18. 




mongolicu; Diener. 



14. Marginiftra if pie; Waag. 

15. Jnlotlegtt libetieut, Diener. 

16. Lyttonia nokili*, Waag. 

17. Spiriferina oclvplicata, Sow. 



ee 
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18. Spirifer nu»akhtjleuti$, Davidson. 


1». .. 


Wfnmi, Waaf». 


«0. „ 


tibftanut, Diener. 


21. Marli»ia tf. glabra, Mart 


22. „ 


eltgam, Diener. 


28. 


nur.nl i, RothpletZ. 


24. „ 


ttmiplana, Waag. 


25. „ 


ae«tomarginaiu, Diener. 


86. „ 


contriieta, Meek aud Worthen. 



27. Reticularis lineata, Mart. , 

28. dtiftit (Spirigera) Rognii, Lev. 

29. „ „ capillata, Waag. 
SO. „ „ lubexpatuo, Waag. 

81. Spirigerelh Derbgi, Waag. 

82. „ graaJit, Waag. 
88. „ pertuvtiia, Diener. 
84. EnttltU* TtckeTugtrheffi, Diener. 
35. Uncinulut timore*$ii, Beyrich. 

86. Camaropioria 1'urdoni, Dbt. 

87. „ gigamtea, Diener. 

88. „ off. emme**, Mart 

39. IhmiptyeMma MmltffM**, Dav. 

40. „ tpartiplieata, Waag. 

41. „ iaflala, Waag. 

42. DieUtm* biplex, Waag. 

43. Nutoligrii Iriplieafa, Diener. 

44. „ ef. tubvaieularit, Dav. 

Bsyozoa. 

45. Pcnetiella, sp. ind. 

Bmmul 

46. Ambljtiphnella, aff. teticnloia, Kon. 

Akthozoa. 

47. AmpltxHt p. ind. aff. A. Abicki, Waag. nrjd Wentzel. 

48. Lo*»daleia indiea, Waagcn and Wentzel. 

Altogether 48 species, among which the Brachiopoda numhoring 40 species by 
far predominate, both in species and individuals, and comprise five-sixths of the 
entire fauna. 

I ought now to enter into a discussion of the relations which exist between the 
fauna of the Chitichun limestone and the faunas of homotaxia.1 beds in other 
countries. As however for a comparison of these faunas among each other the deter- 
mination of the upper limit of tho carboniferous system is of fundamental import- 
ance, I shall defer such a discussion till tho present state of tho so-called permocar- 
boniferous problem has been explained. This will be found the more noccssary, 
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as some very important memoirs have thrown new light on the subject since tho 
geological results of Waagen's monograph of tho Productus limestone fossils wore 
published, in consequence of which the viows of this author regarding the correlation 
of the permocarlKjniferous strata will have to be partly modified. 

The difficulty of correlating the series of strata intermediate between the typical 
carboniferous and permian deposits chiefly consists in the fact that an uninterrupted 
soquonce of marine beds of both systems was for a long time unknown. In Europe 
the discovery of this sequence is due to the united efforts of the Russian geologists, 
whose works have made Central Russia and the Ural Mountains a classic ground 
for tho study of the marine development of upper carboniferous and pcrmocarboni- 
ferous beds. 

In Central Russia the upper carboniferous series is divided into two well defmcxl 
groups. Tho lowor or Moscovian stage (horizon of Spirifer motquemia) contains the 
fauna of Mjatchkowa, described by Trautschold; tho upper or Gsholian stage 
(horizon of Chonetei uralica, " ouralion ") oontains the fauna of Gshel, which has 
been studied by Nikitin. In the upper earlKjniforous rocks of the Ural Mountains 
two faunistieally different horizons may, according to Tschernyschew, be like- 
wise distinguished: a lower stage (C,) with Spirifer cf. inosquensw, and an upper one 
(Cj horizon of Proditctut Cora) which in itself is rather manifold, but consists 
chiefly of Ftuulina limestones. The topmost lim««tones (Schwagerina horizon) must 
be placed on a somewhat higher level than the Gsholian stage, corresponding to the 
Schwagerina dolomites of the Oka-Kljasma and Oka-Wolga-basins, which have been 
proved by Sibirzew 1 to ovorlic the horizon of Chonete* uralica (Nikitm's Gsholian 
stage). The Artinskian marls and sandstones conformably overlie the carboniferous 
rocks. There is no break in the sequence, as has been proved by Tschernyschew 
and Krassnopolssky in a most convincing manner. 

To tho Artinskian sandstones and marls (CPg) and to tho following limestone- 
dolomite horizon (CPc) the name permocarbonifcrous has boon applied by Russian 
geologists. It is in this sense only that the term " permocarboniferous " will bo used 
in this memoir, as it is the only one which does not inevitably lead to misunder- 
standing. Tho denomination Artinskian, which has been proposed by Munier- 
Chalnias and A. de Lapparont 1 may perhajw he preferable, as it excludes all mis- 
understandings, but tho term permocarboniferous in tho meaning of the Russian 
geologists has been accepted lately by so many authors {e.g., Waagen, Credner, 
Kaysor, Oldham) that I should not like to drop it altogether. 

It is only above these permocarboniferous strata, viz., above tho Artinskian sand 
stones and marls and the limestone-dolomite horizon, that the true " Permian" as it 
had been understood by Sir Roderick Murchixm, follows. / 

Karpinsky* and Tschernyschow, 4 two authors, to whom the most detailed studies 

1 y. Sibirzt*,—Mtm. Com. Qt,A. Rnm. St. Prftersbour*, 1896, XV, No. 2, pp. 227-217. 

» iluuirr-CAalmat rt A. it Lappare*!,— >'nt« «ur lit noraeucUtow* dn Urmiai sfdimroUirea, Boll, Soe. 

G«.| Knuiee. *tr. iii, XXI, 1S83, p. 762. 
• A. KarpiHikf.— Uvhn dwi Ainroonoeo der Artin«k-«tufe, Mam. A owl. Imp. 3ci. 8t. PelaMbourj, lit. uxvii, 

p. Hli— 101. 

' Jl«m. Com. GaoL Ban. St KUNuonr*. III, No. 4, 1S8V, pp. 363— 366. 
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of the Artinskian fauna are due, strongly advocato the distinction of the pormocar- 
boniforous from carboniferous and permian systems, and are decidedly averse to 
uniting it with either the one or the other. Tschernyschew especially strongly 
combats the view of the majority of geologists who proposed to unite the permocar- 
boniferous with the permian, as a lower division, of the system. According to him 
a separation of the permocarboniferous from the permian system is demanded by 
the general aspect of the fauna, in which the carboniferous types greatly predominate, 
chiefly among the brachiopoda. If it ought to be united either with the carboni- 
ferous or permian system, in spite of its distinctly intermediate position, it must 
necessarily be placed in the former, on the strength both of the carbouiferous charac- 
ter of its fauna and of historical priority, since the Artinskian sandstone had been 
correlated with tho carboniferous millstone- grit of Western Europe by Sir Roderick 
Murchison, who first introduced the name of permian. 

Against the first argument the objection may bo raised that notwithstanding 
the prevalence of carboniferous types in tho Artinskian fauna, tho latter " marks a 
vory important moment in the history of development of organic remains, namely, 
the first appearance of true ammonites with complicated sutures." 1 Nor is the large 
percentage of carboniferous types in the Artinskian fauna an astonishing fact, in 
view of the absence of any break in the sequence of marine beds from tho upper 
carboniferous to the true permian strata. Even in beds, which must be placed very 
high in the permian system, in the upper Productus limestones of the Salt Range 
and in the Otooeras beds of Julfa, the fauna contains a proportionately large number 
of carboniferous forms. It is to the faunas of th esse deposits, the normal representa- 
tives of the pelagic permian, not to tho local fauna of the Zechstein, that tho permo- 
carboniferous fauna must be compared, if we want to get a clear idea of its relation- 
ship to those of the upper carboniferous and permian. Bearing in mind the gradual 
passage from an upper carboniferous to a permian fauna through the intermediate 
group of rocks, the question to be answered is, which consideration is of tho greater 
importance in defining the boundary between the two systems, the appearnnce of a 
new group of cephalopoda, which become of an unparalleled stratigraphical value 
in mesoaoic times, or the prcsonce of a belated fauna, composed of forms which are 
generally not well adapted for the characterisation of narrowly limited horizons. 

The majority of geologists have decided in favour of the first alternative. 
GQmbel, 1 Krassnopolssky, 3 Kayscr/ Waagcn,* Credner, 6 Munier-Chalmas and A. 
de Lapparent, Freeh— to enumerate only a small number among them,— are unani- 
mous in regarding the permocarboniferous as the lowest division of the permian 
system. 

A discussion of the permocarboniferous problem from a historical point of view 

1 A. Xarfitly x —\oa. ciL p. 101. 



> G W. aimM,-Qto\ogi» ■„» B»y«rn, KmmI 1888, I. Th. p. 834. 
" m. Com. QmI. Ran. 



• A. XroMMnopotttky.-mm. Com. QmI. Rum. St. P6tmbourg, XI, Xo. 1, p. 506. 
! » K ^" tr - U ^ h i i " K^lPgi"^ FarutimikaiiJ., Statt«.rt, 1891, p. 157. 

• B. OW«r.-E. e me»to der Ooologi., 7. Anil, Uipiig. mi. 503. 
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leads to a similar result. This side of the question has heen especially treated by 
Freeh, 1 whose reasoning I consider to be entirely justified. 

Sir Rodcrie M urehison, it is true, did not include tbe Artinskian deposits in 
his pennian system, but on the other hand, bis correlation of these deposits with the 
carboniferous millstone-grit is decidodly erroneous, and its priority cannot be res- 
pected. In the Rhenish regions, -where the sequence of terrestrial and lacustrine, 
plant-bearing strata of this epoch is most complete, the true coal moasures come to 
an end with the Ottweiler Sohichten, whereas the following sories of rocks compris- 
ing the Cuseler and Lcbacher Schichten, have been united in a lower division of the 
pormian system by Gumbel. In tho Carnian Alps plant-bearing beds, containing 
a rich flora of tlio Ottweiler Sohichton' alternate with Fusulina limestones, which 
have been proved by Sohellwien' to be homotaxial with Nikitin's Gshelian stage 
in Central Russia. As has been noticed by Gcycr, 4 this alternating series of dark 
Fusulina limestones and plant bearing beds is conformably followed by a compact 
mass of white Fusulina limestones (Trogkofelkalk) containing Spirifer aupramoi- 
quentti, Nikitin, which must be corelated with the topmost carboniferous Fusulina 
limestones (Schwagerina horizon) of the Ural Mountains. Tho homotaxis of the 
Ottweiler Schichten and of tho Carnian Fusulina limostone, which itself corresponds 
in ago to the uppermost carboniferous bods of Central Russia (Gshelian stage) and 
of the Ural (Cora horizon, and Schwagerina horizon), apparently requires the 
boundary line between the t wo systems to be drawn immediately above tbe Schwa- 
gerina limestone of the Ural and Timan, and below the Artinskian stage. 

A particular view of the permocarbonifcrous problem has been taken by 
Rothplctz* who hints at tho probability, " that tho permocarboniferous may not 
represent a distinct stratigrahical stage, but merely a particular facios, which is 
entirely wanting in Western Europe, was confined to tho commencement of the 
pcrmian opoch in Russia, but lasted throughout the whole of this epoch in some 
parts of Asia and North America. " 

I quite agree with Rothpletz in his statement that the normal sediments of the 
ocean, which covered parts of North-Western India, of Central Asia and of Rus>ia, 
in the commencement of the permian epoch (Artinskian stage) must for the lator 
btages of this epoch be looked for in the upper Froductus limestono of the Salt Range 
and not in tho Zechstein nor in Murchisou's " permian system M of Russia, but I 
cannot understand why this view should bo inconsistent with tho character of the 
Artinskian deposits as a distinct stratigraphical horizon. A correlation of thepermo- 
carboniforous horizon proper with higher stages of the pormian system cannot be 

* P. Frtei.— Die Karniaehen Alpen, Halle, 189J, ji. 367. 

' E. Smtt.—Vh' Antlitz <l«r Erda II, hi., p. 801 ; S, Sekillxitn, Die Fanna doe KaroiBchen Futnlmrn 
kalkn, I. TU, Palieontograpbtea XXXIX, 1892, p. 1 ; F. Freeh, Die Kamiachen Alpen, Halle, 1894, 
pp. 909-328. 

' E. SeheUwien.— Zeiteehr. Deutwh. Qrol. On, 1 si 1 1, p. 70. 

4 O. Oeytr.— E&u die Ocolugi*ehen VerhaltniM* ini PonUfeler Abaohnitt der Karaiecben Alpen, Jabrb. 
K. K. Geol. Reich.-Amt.lt, 189i;.4<S, 1M.. p. 1*8. 

• A. Bothpltit, Die Perm Triae and Jura-formation uf Timor and Rolti FiWtogrnphica, XXXIX, lSUS, 

p.M. 
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admitted, seeing the difference of their ccphalopod faunae. Ammonites with oeratitic 
sutures are absent in the Artinskian stage. Thoir presence is barely less character- 
istic of the younger horizons of the permian system, than the first appearance of 
more highly developed Ammonoidea, is characteristic of the permocarboniferous 
stago. Rock-specimons like the one described by E. v. Mojsisovics (Denkschr. K. 
Akad. "Wiss. Wicn, math nat. CI., LXI, 189-i, p. 458) from Stoliczka's collections 
near Woabjilga (Karakorum Pass), in which ammonites with goniatitic, ccratitic 
and ammonitic sutures are mixed together, have up to now never been found in 
strata geologically older than the pelagic permian of India or Julfa. 

In Russia the marine deposits of the Artinskian stage are overlaid by Murchi- 
son's " permian system," a sequence of brackish, freshwater and marine sediments, 
with an impoverished fauna, 1 which cannot bo considered as the normal sediments 
of the permian epoch. This remark applies equally to the local development of the 
German Zechsteiu or of the British magncsian limestone. The pelagic equivalents 
of these deposits must be looked for in the permian rooks of the Mediterranean 
region in South-eastern Tyrol, Sicily and Armenia, of the Pamirs, of India and the 
Malayan Archipelago, of North America and probably also of Spitsbergen and the 
neighbouring islands. These sediments are proved both by their pelagic faunas and 
by their wide distribution within the Jhetys' and the Arctic- Pacific region to be the 
deposits of the great permian oceans and consequently the normal sediments of the 
permian epoch. 

In the Mediterranean region three different rock groups have yielded fossil 
remains of this pelagic development of the permian epoch. Those rock groups arc 
the Fusulina limestones of the valley of Sosio in Sicily, the Bellorophon limestone of 
South-eastern Tyrol and Friaul, and the Otocoras beds of Julfa in Armenia. A 11 
of them are of a rathor isolated occurrence and, as far as one may judge from their 
faunas, of different age. 

Tho lowest position is apparently held by the Fusulina limestone of Sicily. Its 
oephalopod fauna seems to be more nearly related to tho Artinskian one than to those 
of the Jabi beds of the Salt Range or of the Otocoras beds of Julfa. Ammonites 
with oeratitic sutures are yet absent. According to Karpinsky's statement, one 
species of Medlicottia is identical with an Artinskian form, ten more species are 
very nearly allied. On the other hand Karpinsky and Waagen noticed the first 
appearance of Waagenocerat and JXyattoceraM in Sicily, two gonora, which show a 
much more complicated sutural line than any of the Artinskian Ammonea. 
Waagon consequently places the Fusulina limestone of Sicily on a higher level than 
tho permocarboniforous stago, but on slightly lower level than tho Jabi beds of the 
upper Productus limestone. A more exact comparison of the Sicilian and Salt 
Range faunas wiU only be possiblo after the publication of Gemmollaro's monograph 
of the Brachiopoda from the Sosio limestone, as no cephalopod fauna is known in 
the Salt Range below the Jabi beds. 

1 IT. Amalhfy— The penuuui ajitem in the Oka- Wot** bum. 1*87 ; -V. Sibirttw, Mom. Coco. Geol. Kuu. 

St. V4tmhea,g, XV, Xo.2. pp. 247-265 
' E. $«<#-JJ«4or»l ScUo.e, Vol. II, No. 13, Mircb 1893. 
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The Otoceras beds of Julfa with their strongly marked triassic affinities must 
certainly be higher in the upper paheoeoio series than the Fusulina limestone of 
Sosio. They cannot be much different in age from tho Otoceras beds of the 
Himalayas, although the latter certainly hold a somewhat higher strotigraphical 
position, and they may consequently be placed on a level with the upper Product us 
limestone or with the Chidru group of the Salt Rango. 

The youngest of the three rock groups is probably the Bellorophon limestone 
of South-eastern Tyrol. Its fauna is a very peculiar one, species identical with 
those known outside this rock group being almost completely absent. The pre- 
dominence of paheozoio types induced Stacho 1 to fix the hornotaxis of these beds 
as upper permian, whereas G umbel supposed them to bo of lowest triassic age. 
I have quite recently succeeded in discovering an interesting fauna of these beds 
in the valloy of Sexton, containing the first, ammonites and Orthocerata hitherto 
known in this horizon, which are rather in favour of Stacho's view. 

In none of those three permian rock groups of the Mediterranean region is a 
normal sequence of marine beds exposed, with the possible exception of the 
Bellcrophon limestone of the Carnian Alps, which, however, is undorlaid by an 
enormous mass of unfossilifcrous limestones and dolomites. Their correlation must 
consequently be based on palsoontological evidence alone. 

Tho second region, in which a gradual transition of marine beds of the carboni- 
ferous and permian systems has been observed, is the central and south eastern 
portions of the United States of North America- In tho typical sections of Kansas 
and Nebraska a gradual passage from tho upper coal measures to the higher beds, 
with a fauna of a permian aspect, lias l>ecn noticed, but the question, where the 
boundary between the two systems ought to be drawn, still remains to be settled. 
A very able paper by H. S. Williams, * in which tho present state of the permo- 
carboniferous problem in America is exposed, has demonstrated that this question is 
still an open one. " In the first place the formations themselves are not delimited 
on the samo basis in different provinces, and secondly the fossils have been reported 
under so many different names, that a thorough revision of the several biologic 
groups is necessary, before tho various lists prepared can be scientifically correlated." 

A cephalopod fauna of a permian type has been described by C. White 3 from 
the Baylor and Archer counties in Western Texas. Of the five species of ammonites 
composing this fauna, Sledlicottia Copei, Hyaleloceras Cumminti, and Popanocera* 
Walcotiiaxa very nearly allied to Sicilian forms, whereas Popanocera* Parkeri, Heil- 
prin, 4 and Paralegocerai bayloren$e> exhibit a near relationship to Artinskian species. 

' O. 5f<K-»<r,-B>itt5R* zar F.noa d«r Bellerophonkalke MUMF* Jabrb. K. K. Geol. Reich«-An«t., Wien 

1877, XXVII. pp. »71 -318 j 1378, XX VII I, pp. 93-168. 
' Correlation Paper., Devonian anil Carboniieroa., Ball. C. S. Geol. Surrey, Washington, UU, No. 80. 

pp. 193-212. 

' C. lF*i<#,-Tbe Texan Pennian and it. mewzio typo, of fowil.. Boll. U. 8. Geol. Snnr., Waibinglen, 1891, 
M«. 77. 

* Piw. Acad. Nat. S lenccn. Philadelphia, 1887, VXXXVI pp. 63-66. 

' G»miatit*i Bajhrearit. Whit*. From ita general .bape and to the chancier of die sutural tine tUi. form 
probably belong. U> Hyatt', (ton ^or«/ V o«r«. 
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A third region, distinguished hy an uninterrupted sequence of marine heds 
reaching from upper carboniferous strata through tho permian system, is the Salt 
Range in the Punjab. 

This sequence begins with the Amb beds or lower Productus limestone. The 
Btratigraphicnl relations of tho Amb bods to the glacial boulder beds and to the 
Eurydevna sandstones with their Australian affinities are yet doubtful, as has boon 
stated by Noetling in a recent paper on this subject. 1 The Productus limestones 
however are quite conformable to each other, and it is only hotwoon their top- 
most beds (Chidru group) and tho next overlying lower Ceratite limestones, that 
a break in the sequence has been suggested by Waagen. 

The following classification of the Productus limestone series has been adopted 
by Waagen :— 

t Chidru bed§. 
Upper Productus Limestone. \ Jebi beds. 

( Khund Gh.t bed*. 

(Kalabagh beds. 
Middle Productus Limestone I Virgil beds. 

( Katta beds. 

Lower ProductuB Limestone. Amb beds. 

This clasification has beon slightly modified by R. D. Oldham,' who proposed a 
separation of the Chidru group from the rest of the series and a separation of the Katta 
beds from tho middle Productus limestone. I did not however think it advisable 
to follow Oldham's second proposal, as the different meaning of the terms " lower " 
and " middle " Productus limestone in two memoirs of the Palaeontologia Indica 
would be confusing. I consequently doemcd it preferable to accept Waagen's 
classification, but to unite the Virgal and Kalabagh beds into an upper division 
of the middle Productus limestone, thus marking the faunistic contrast between 
this rock group and the underlying Katta beds. 

There can be no doubt as to the permian ago of the Chidru group with its 
peculiar bivalve fauna, and of tho upper Productus limestone. The homotaxis of 
the lower divisions of the Productus limestone series is however uncertain, and some 
difference of opinion exists regarding the correlation with upper palseozoio strata 
outside India. 

"Waagen believed the entire Productus limestone series to be permian. He 
correlated the lower Productus limestone and the Katta beds with tho Artinskian 
stage of Russia, considering them as permocarbonifcrous. To this correlation he 
was chiefly led by the supposition of a stratigraphical break between the upper car- 
boniferous and pormocarboniferous beds of the Ural Mountains, filled up, as he 
believed, in the Salt Range by the glacial boulder bed and by tho Eurydeema sand- 
stones. This view has become untenable, since in the Ural and Timan the con- 

• F- Jftttliuj, Bsitrigo i«r K*nntnis. oVr Olaeialen Sehiehten pmwMm Alters in d*r Salt Usnp, Nonss 

JahrWb, 1896. N. II. pp. 61-88. 
' A Manual of U.s OtoloKy of Indie, 3»d edition, by R. D. OUUm, CaloutU, 1893. pp. 122, 183. 
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tinuity of tho sequence of marine beds from the horizon of Productut giganteut 
(mountain limestone of Western Europe) to tho Artinskian stage has been proved by 
the geologists of the Russian survey in a most convincing manner. On the other 
hand, the reoont memoirs of Xikitin, 8chellwien, Tsohernyschew, Sucss, and Sibirzew 
tend to show that the number of carboniferous types in the Froductus limestone 
is considerably larger than had been anticipated by Waagen. 

The species from the Productus limestone, identical with those of upper car- 
boniferous strata in other countries, aro tho following :— 

Productut Cora, d'Orb. Spiti/er alalat, Scblotb. 

„ lineatM, Waag Rrtieularia linrnta, Mart. 

„ irmtrHieulatu*, Mart. Martini* glabra, Mart. 

„ imlieu; Waag. „ temiplana, Waag. 

„ opunlia, Waag. Spiriferina oel optical a, Sovt. 

ii tpiralit, Waag. „ orwta, Waag. 

Ortkothttrt itmiplaniu, Waag. Athyrit Hoyttii, Ltv. 

Orikit Pteotii, Mareou. JUtti* [Eu nutria) gra»div»ta, Waag. 

Dtrbya grandit, Waag. Camaropkoria Pur./oai, Dav. 

EnUlrlft Kayteri, Waag. Hichtkoftnia iUrniit, Waag. 

Spiriftr mutakkryUruit, Dav. Putulina longittima, Mull. 

„ tfriatut. Mart. Slenopora orata, Lon*d. 

„ Marcoui, Wtag. Frnettdla ptrelrgam, Meek. 

To these 20 species the following nine may bo added as doubtful ones :— 

ProilurtN* gratinm*, Waag. Atkyrit prctiniftra, Sow. 

„ Jlnmboldii, d'Orb. Ditlatma ehugatttm, Schlotli. 

Streptorhynckv* prlargonatu*, Schloth. Lyttonia Jliektkofexi, Kaiser. 

Ortkit iadica, Waag. Orlkcaerai eydopkorum, Waag. 

Acieulopecten derajatenti*, Waag. 

In all 35 species. It only needs a comparison of this list with that given 
by Waagen on p. 163 of Ids 11 Geological Results " (Pahcontologia Indica, sor. xiii, 
Vol. IV) to prove the carboniferous affinities to be much more strongly marked in 
the Salt Range Productus limestone, than could be anticipated by this learned 
author. 

Tho affinity of the fauna of the lower Productus limestono to those of the 
Gshelian stage of Russia, of the Cora and Sehwagerina horizons of the Ural Moun- 
tains and of the Carnian Fusulina limestone induced Rothpletz (loo. cit. p. 63), 
Oldham (loo. cit. p. 125) and Freeh (loc. cit. p 372) to correlate the lower Productus 
limestone with upper carboniferous rather than with permocarboniferous beds. E. 
Suoss, 1 after a careful examination of tho upper carboniferous fauna of Tongitar 
(southern slopes of Tian-shan) likewise agrees with the aboyo mentioned authors in 
the opinion, " that the entire Productus limestono forms a scries, which cannot be 
separated from the carboniferous system, and that the Fusulina bearing Amb beds 
certainly belong to the latter, although their correlation with tho Gshelian stage 
may yet remain questionable. " Noetling in his preliminary noto on the glacial 

1 E. Sunt. Beitrigt znr Stratigrapbie Caotral-Ajitnn, D«ak*chr. K. Akad. Win. Wien, math. nat. 01. 
IXI. pp. 43d, 439. 
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boulder bods of tbe Salt Range takes a different view {loc. cit. p. 84), considering 
these beds as well as the entire Productus limestone scries as permian. But from 
a palceontological point of view a correlation of the Amb bods with upper carboni- 
ferous strata appears to be more adequate to their faunistic character. 

The fauna of the lower Productus limestone (Amb beds) consists of 58 species, 
allowing an exact determination, 42 of which do not extend into higher strata but 
give to this division its peculiar aspect. It contains altogether sixteen species 
identical with forms found also in upper palaeozoic rocks of other countries. All of 
them occur in upper carboniferous beds, but only twelve extend into pcrmo- 
oarboniferous strata. This proportion is in favour of a correlation of the Amb beds 
with deposits of an upper carboniferous age. 

The middle Productus limestone of the Salt Range has been considered as 
homotaxial with the permocarboniferous beds of Russia (Artinskian stage) by 
Tschernyschew. Waagen howover admits this homotaxis for the Katta beds only, 
but correlates the Virgal beds with the permian limestones of Kostroma, " which 
are on a lower level than tho great bulk of permian beds as exposed in Perm and thus 
are intermediate between the pormocarboniferous bods of the Ural and the typical 
permian strata" (Joo. cit. p. 194). Tho pateontological evidence is more in favour 
of Tgchcrnyschew's view, which has been accepted by Rothpletz (loc. cit. p. G3). 

Among tho brachiopoda of tho upper division of the middle Productus lime- 
stone (Virgal and Kalabagh beds) seven species only were known to Waagen as 
identical with upper carboniferous forms. By more recent investigations this num- 
ber is now increased to seventeen. Among the Artinskian brachiopoda, as enu- 
merated in Tschcrnyschew's tabular statement seventeen are identical with Salt 
Range typos. Eight of them arc ubiquitous ranging from upper carboniferous 
into permian strata. Of tho remaining nino species two are restricted to the Amb 
beds, 1 to the Amb and Katta beds, 1 to the upper division of the middle Produc- 
tus limestone. One extends from the Katta beds into permian strata, one from the 
Amb beds through the entire thickness of the middle Productus limestone, four 
are restricted to the upper division of the middlo Productus limostone and to the 
upper Productus limostone. Excluding tho ubiquitous species, which cannot be 
considered as leading, the distribution of identical species is as follows : — 

■ f Upper Produetns Limestone : 4. 

I Virgal and Kalabugh beds : 6. 

r Katta beds: 8. 
' i/\mb Loda : 4. 

It will be seen from this tabular statemont, that thoro is no sufficient reason 
for correlating the Artinskian stage with the Katta beds only, but that equally 
strong faunistic affinities exist between the Artinskian brachiopoda and those of the 
upper division of the middle Productus limestone. 

There is no doubt that this statistical mothod of correlation is open to grave 
objections, as tho admixture of a few species only would suffice to influence the 
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result considerably. It must be borne in mind that a comparison of the fauna of 
the middle Productus limestone with that of Artinsk is the more difficult, as 
no oephalopods are known from this Salt Range horizon, and we therefore 
must rely in our correlation almost entirely on braehiopoda alone, " which very 
generally do not keep strictly to an exact geological horizon and therefore can be 
usod only in rare cases as reliable documents for tho identification of a narrowly 
limitod geological stage or zone. " What I wanted to prove by this statistical 
method, is merely the fact, that there exist strongly marked affinities between the 
faunas of the Amb beds and of the Russian and Caraian upper carboniferous strata 
on one hand, and between tho Artinskian and middle Productus limestone faunas 
on the other. 

In the present state of our knowledge, the following modifications of 
Waagen's correlation of tho Productus limestone series appear to be required. 
The lowest division of the uninterrupted sequence of marine beds, known as Pro- 
ductus limestone, is probably homotaxial with the topmost carboniferous strata in 
Europe. The equivalents of the Russian permocarbonifcrous horizon (Artinskian 
stage) must be looked for in the middle Productus limestone, but the question 
whether the boundary between the permocarboniferous horizon and the higher 
stages of the permian system ought to be drawn above the Ealabagh beds, cannot be 
answered, until cephalopod faunas have been discovered in one of tho divisions 
of the middle Productus limestone. 

The rich development of permocarboniferous or permian strata of a pelagic 
type in tho Arotic region (Spitsbergen) is too little known to allow any exact cor- 
relation with tho subdivisions of tho anthracolithic system' in other countries. 

The correlation of the permian deposits of a pelagic facies, according to the pre- 
sent state of our knowledge, is shown in the tabular statement on p. 105, it is, of 
course, only approximate, and in many instances yet open to grave doubts. Never- 
theless I believe it to elucidate more clearly my views on this subject than would be 
possible in the text. In this tabular statement only such deposits have been 
admitted, whose correlation can be based on the presence of fossil remains. The 
Zechstein or magnesian limestone development of the permian system havo been 
purposely excluded, because they do not represent a pelagic type of this system. 

Having explained the present state of the permocarboniferous problem, I may 
enter now into a discussion of the relations existing between the fauna of tho lime- 
stone crag of Chitichun No. I, and the faunas of homotaxial beds in other countries. 
This subject is so much more tho important, as a determination of the geological age 
of the Chitichun limestone must be based on paheontological ovidenoe only, the 
limestone crag itself exhibiting no stratigraphical connection with the surrounding 
beds. 

It will be found convenient to treat each class of fossils separately, although 



1 I eootidw tbit term, which hu been propowU by W»»gw» [he. eil.. p. WD wj 6t for uniting the eir- 
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the paheontological evidence must chiefly rely on the hrachiopoda, which by far 
predominate over all the rest of organic remains. 

The two pygidia of trilobites can be of but little service for the identification of 
the geological horizon of the Chitichun limestone. One of them, ChHropyge hima- 
layetttii, belongs to a new genus. The second, Philliptia 3ilddlemi*»i, may be 
compared to typos, which have been found in upper carboniferous and permo- 
carboniforous bods of other countries. Karpinsky (loc. cit. p. 101) considers the 
Artinskian stage as a period in the history of development of organic life, charac- 
terised probably by the appearance of the last trilobites, which do not extend into 
higher permian strata. The geologically youngest trilobites have beon discovered 
in the perinian Fusulina limcstono of Sicily, but their absence in the permian rocks 
of India and Armenia is perhaps only accidental. Nevertheless the presence 
of trilobites in the Chitichun limestone corroborates the evidence adduced by the 
character of the entire fauna, that it does certainly not correspond to a higher level 
than to the permian of Sicily. 

The discovery of Stacheocera* Trimurti is of the highest geological importance. 
Up to now ammonites of this subgenus have never been found of an older than per- 
mocarbonifcrous age, whereas they are among the most common types in permocar- 
boniforous and permian strata of a pelagic facics. The occurrence of this species 
in tho Chitichun limestone, in correspondence with othor evidence, clearly proves 
this limestone to be of a younger than upper carboniferous age. 

Five sixths of tho entire fauna of the limestone crag of Chitichun No. I is 
composed of brachiopoda. Among them the Productidcc and Spiriferidw are about 
equally strongly represented, whereas the Lytt»niid<e, Porambonitidtc, Bhyncho- 
nellklw and Terebratulidce are represented by comparatively few forms. 

The following eight species of brachiopods are peculiar to the present fauna and 
have not yet been found outside the crag of Chitichun No. I : — 

Julotteget libcticut, Dinner. 
Spiri/er U btk mn, Dinner. 
Martinia elegant, Diener. 

„ aeuhmarginalit, Diener. 
Spitigerella periumda, Diener. 
Entelftei TtcAernytrirffi, Die Bar. 
Camaropkoria gigantea, Dieuer. 
HuMkyrU triplUala, Diener. 

To this list Product** bolitiviemi* var. chilichunen8in t Diener, ought perhaps 
to be added, though its identity with a species from Timor is rather doubtful. 

All the rest of species (31) arc identical with forms that have been previously 
described from other countries and localities, although the exact age of tho beds in 
which they occur has not everywhere been fixed with sufficient certainty. 

The region, which is geographically least distant from Chitichun No. I, and in 
which the richest development of approximately homotaxial beds has hitherto been 



Digitized by Google 



STRATI GRAPHICAL RESULTS. 97 

made known, Li the Salt Range in the Punjab. The relations of the fauna of the 
Salt Range Productus limestone and of the Chitichun limestone are very close. 
Twenty-six species of brachiopodu are identical. The greatest number are such 
forms, as occur in the upper division of the middle Productus limestone (Virgal and 
Kalabagh beds). These species arc the following :— 

P'»d»efu$ lineatui, Waagen. Spirigerella Dirbyi, Wat*. 

„ Cora, d'Orb. „ arandi$, Wwg. 

„ cf. tmbcettatwi, Waag. Atkgrii Rot/ mi, L&v, 

» fratiotul, Wuj, „ luiexpama, Waag. 

„ Jbieki, Waag. ,,. capiUata, Waag. 

Marginiftra If pica, Wang. Vncinulut timorentit, Beyr. 

Lfltomia nobili*, Waag. CamaropkorU Purdoni, Dav. 
Spirifertna oelopiicata, Sow. Dielatna biplet, Waag. 

Spiri/er muiakheflentU, Dav. Ucmiptyekina ipariiplicata, Waaj. 

„ Wynnei, Wa»g. „ kimalafcntit, Dav. 

Mar'.i»'a itmiplan; Waag. „ inflate, Waag. 

No'otkyrit tubvttieularu, Dav. 

Of 1 1 H' v 23 spocios, more than half of the entire brachiopod fauna of Chiti- 
chun No. I, the following four do not extend into higher strata: — 

Spirifer IFynnei, Waag. 
Mtttini* tmipUna, W«ag. 
Ihrlaima biplci, Waag. 
Jlemiptyekina tpartiplictla, Waag. 

All the rest occur also in the upper Productus limestone of the Salt Range 
but there is not a single species of the upper Productus limestone identical with a 
Chitichun form, which does not also occur in the middle Froduotus limestone. The 
affinity of the Chitichun fauna consequently appears to be more intimate with that 
of the middle than with tho upper Productus limestone. This evidence is corro- 
borated by the occurrence of a small number of species identical with such from the 
Amb beds and Katta beds, which in the Salt Range do not extend into higher divisions 
of the Productus limestone series. These species are the following :— 

Proiiuctut temireticulatu*, Mart. 
Rtticnlaria limeaia, Mart 
MartUia cf. glabra, Mart. 

On the other hand, there are among the Chitichun braohiopoda only ten 
identical with species from the Amb beds, and nine with those the Katta bed*. 
Nor is there one of the three above quoted species, which could be considered 
as characteristic of a distinct geological horizon. This distribution of identical 
species indicate* a homotaxis of the Chitichun limestone with the upper division of 
the middle Productus limestone (Virgal and Kalabagh beds,) in the Salt Range. 

* 
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With upper carboniferous beds of Europe (Carnian Alps and Russia) the Chiti- 
chun limestone has ten species of brachiopoda in common. Those are :— 

Product** Unealut, Waageii. 

„ Cera, d'Orb. 

„ teuirelieuMui Mart. 

„ caucriutformil, Ts<:harn. 
Spirif 'trine oetoplieala, Sow. 
Spirif «r mutakkey Until, Dav. 
Retieularia lintatu, Mart. 
Martinia glabra, Mart. 

Atkyrit Royttii, Lev. 

There is not a single form among them, which is restricted to carboniferous 
deposits and does not extend into higher strata. 

The two species of brachiopoda in the Chitichun limestone which havo hitherto 
been found in carboniferous strata only, are Product™ mongolicut, Diener, and 
Martinia contractu, Meek and "VVorthen. 

Product** mongolicut isadontical with a species from Loping in China, which has 
been described as Prod. cf. cora by Kayser, and has been compared to P. compret- 
nut by Waagen. The fauna of Loping is distinguished by a rather mixed assem- 
blage of forms, notwithstanding its woll marked carboniferous aspect The question 
may therefore be raked, if P. mongolicut with its strong affinities to the permian P. 
compretsuf does not form part of the small fraction of permian types, which, like 
Stroplialotia horretcent, Vern., are in this fauna mixed together with carboniferous 
species. 

Martinia contracta has been quoted from the Chester group of the lower car- 
boniferous series of Illinois, but it belongs to a group of forms, which are but very 
little adapted for the identification of geological horizons. I need only allude 
to Martinia planoconvexa, Shumard, which extends from devonian into permiar 
strata without any variation 1 . The presence of tliis species, therefore, cannot influence 
the evidonce afforded by the general character of the fauna. 

The relations of the Chitichun fauna to that of the Artinskian stage are more 
intimate than those with the faunas of any of the carboniferous stages of Russia. 
Tho following twelve species can probably be quoted as identical with Artinskian 



Product*! Unealut, Waag. Bpirtftr mutakkeyltntit, Dav. 

n Cora, d'Orb. „ Wynnci, Waag. 

„ temirelieuUtnt, Mart. 7, ttitnlari* lineata, Mart 

„ cancriniformit Tgebem. Marlinta teaiplana, Waag. 

Marfini/era typiea, Waag. Atkytit Royttii, Lev. 

Spiriftrina oetoplioata, Sow. Camaropkoria Purdoni, Dav. 

The nearest region to the Punjab and to Ilundes, in which beds correspond- 
ing exactly in age to tho Artinskian stage have boon found, is Darwas. In 

Cl. LxT; X'. iD * ***** " ****** Cnlni K - ™~ Wi*n, —h. »t. 
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a rock-specimen brought from this country, five species of ammonites were 
discovered by Karpinsky,' two of which are absolutely identical with Artinskian 
forms. 

Tho pormian rocks, collected by Stoliceka near WoAbjilga (Karakorum Pass), 
contain ammonites with ceratitio sutures recalling of Xenodiicw, Waagen, and 
must consequently be placed on a higher level than the Artinskian stage or tho 
Fusulina limestone of Sicily. 

There is yet a third rock-group in Central Asia, which is perhaps of pcrmian 
age. Tins is a brachiopod-bearing limestone, which was discovered near the Gussasa 
river (Western Kuen-Lun) by Bogdanowitsoh. To the species, collected in this 
limestone by the Russian geologist and described by Freeh (toe. eit., p. 454) Producius 
cancriniformit, Tschern., must be added. The limestone unconformably overlaps all 
the geologically older beds including the upper carboniferous strata of the JJos- 
covian stago with P. temireticutatu*. Whether the Gussass fauna ought , to be 
correlated with tho Cora horizon of the Ural rather than with any permian stage 
cannot bo asserted, as P. cancriniformii, the only characteristic fossil, ranges from 
the carnian Fusulina limestone of upper carboniferous age into pcrmian strata. 

The affinities of tho Chitichun fauna to the hitherto known carboniferous and 
permian fauna of the main region of the Himalayas are considerably less distinctly 
marked than those with the Salt range or Artinskian faunas. 

In my monograph of the Productus shales fossils (Ft. IT of the present 
volume) I have laid a special stress on the strongly marked difference between the 
brachiopod faunas of the Chitichun limestone and of the Productus shales of Pain- 
khanda and Johar, which, on tho evidence of their intimate stratigraphical connec- 
tion with the triassic Otoceras beds, must be correlated with higher stages of the 
permian system rather than with tho permooarboniferous horizon. The detailed ex- 
amination of tho brachiopoda in the collection from Chitichun No. I has confirmed 
my view. Five species only are identical in the two rock groups. These are : — 

Product** eancrtmformt, Tschcru. 
Spirifer mutakktyltntit, Davids. 
Martinia tf. glabra, Mart. 
Spirigertlla Derlyi, Wwig. 
Attffb Hoy nit Lev. 

There is none among them, with the sole exception perhaps of Spirigerella 
Derby*, Waag., which is characteristic of a distinct geological horizon, and we might 
count theso species just as well among the forms identical with upper carbonifer- 
ous, perraocarbonifcrous or truly pcrmian strata. The presence of a large number 
of Producti of a distinctly pcrmo-carbonifcrous type gives a more ancient aspect to 
the Chitichun fauna. 

A comparison of the Chitichun fauna with that of the upper carboniferous 
rocks of Kashmir will not be possible until the latter has been studied in detail. It 
is, however, apparent, both from Davidson's descriptions and from a superficial ex- 

> Vtrbudlgii. E. Bom. Miuralog. UimIMl. St. Pmnbarg XV1U. p. 812. 
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animation of the fossil materials front Kashmir entrusted to me by the Director of 
the Geological Survey of India, that the affinities between the two faunas are rather 
distant, only less close probably than with the Amb bods or with the upper carboni- 
ferous strata of the Camian Alps and of Russia. In the fauna of the Uarus beds 
of Kashmir there are distinct indications of Australian affinities. In the Chitichun' 
fauna not the slightest trace of similar affinities to Australian carboniferous fauna 
has been noticed. 

I cannot point out any beds in the main region of the Himalayas which, with 
any probability, could be placed on a level with the Chitichun limestone. The white 
crinoidal limestones, which Mr. Hughes' discovered some twenty years ago, some- 
where to the north of Milam in the vicinity of one of the frontier passes leading into 
nundes, may perhaps hold a similar geological position. Of the fossils collected by 
Mr. Hughes the following have been determined by Prof. Waagen : — 

Pro;tu-:!ut temirelitulatut, Mart. 
Ljttonia if. ind. 
llarlinia ef. glabr; Mart. 
Atkyrit Rof**ii, Ley. 
IltmifitfeAina Hmalayemi; Dav. 
Noiotifrit tnbteticularii, Dav. 

All these species are also represented in the fauna of Chitichun No. I, but among 
them Notothyri* tubceticularit alone is fit for an approximately exact determination 
of the geological age, being restricted to the upper division of the middle Froductus 
limestone and to the upper Productus limestone in the Salt Range. Regarding the 
small number and the rather indifferent character of the rest of species, a correlation 
of these crinoidal limestones with the Chitichun limestone would not be advisablo, 
if only based on the evidence of this single fossil. On the other hand, it is not 
at aU impossible, that the fossils collected by Mr. Hughes during his shooting tour 
from Milam to Laptal encamping ground, have been brought from the crag of Chiti- 
chun No. I itself or from one of the neighbouring crags. This explanation is the 
more plausible, as Mr. Hughes probably went to Laptal by the Chitichun area, his 
Milam Pass being certainly not identical with the Utadhura which he specially 
mentions in Ids report as a different pass. 

With the upper carboniferous beds of Loping the Chitichun limestone has but 
very few species in common. These are the following :— 

Product™ temiretieulatm, Mart. 

„ mongolian, Diener. 
Setieutaria lintata, Mart. 
Martini* ef. glabra, Mart. 

1 T. W. Jlwj\tt and W. Waagtn, Note on a trip over the Milam P»«. Kntnuon, Rewrde Urol. Survey of India, 
XI • >""\ p. 188-187. The locality, where air. Hughe* diecorered three foeeilifenrat limeetonee, cannot bo made ont 
exaetlj from hie deeoription. No aiuiitar beda bare been noticed by GTieabaeh in the main ecdimentery belt of the 
Central Himtlaja* to the north of Milam. 
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There are however other beds in South-eastern China, which seem t<> approach 
more closely the Chitichun limestone in their geological age. These are the beds of 
Yar-ka-lo, discovered by Desgodins. From this locality the following species of 
brachiopoda have been quoted by Loczy 1 : 

Pr*d*ct*t temirttic*l*tut, Mart 

„ cf. $cairienl»*, Mart. 

„ kiangtiensii, Kayser. 
Margini/eta tibetana, nor. »p. 
Stn>pial»»ia, ep. ind. 
Uucintlut timoren*i», Beyr. 
Reticularia i adieu, Waag. 

This is a rather mixed assemblage of species. Prcductu* kiangtieaHs has 
hitherto been found in the upper carboniferous beds of Loping only, but has its 
nearest allies ( P. tumidut, AYaagen) in geologically younger strata. P. semi- 
reticulatm and P. tcabricultu extend through the entire carboniferous system 
into permocarboniferous strata. Reticularia unlica is in the Salt Range restricted 
to the upper division of the middle Productus limestone. Vnrinvlua timorengis does 
not descend into geologically older strata than the Virgal beds of the middle Productus 
limestone. 

So far, as it is possible to judge from this fauna, the beds of Yar-ka-lo appear to 
be not more ancient than the middle Productus limestone of the Salt Range, and 
they should probably be placed about on a level with the Chitichun limestone. 

Another group of rocks in the Chinese province of Kiangsu, which has been 
discovered by F. von Eichthofon near Tschu-sz'-kang on the lower Yang-tae- 
kiang likewise corresponds in Freeh's' opinion to the middle Productus lime- 
stone of the Salt Range. By the same author a permian age is ascribod to the 
black shales of Ning-kwo-hsion (province of Nganhwei), but the determination of 
two unsatisfactorily preserved species of ammonites, on which this view lias been 
based, remains somewhat doubtful. 

There is yet tho probability of one correlation to be discussed, and this is a 
correlation of the Chitichun limestone with the permian rocks of the island of Timor, 
tho fauna of which lias been desoribod by Bcyrich, Martin and Rothpletz. The 
number of species of brachiopoda identical in tho two faunie, is eleven or perhaps 
even twelve. These species are the following :— 

Product** ienirrfumlalu$, Mart. 

„ ? e*iHe*um*mri*, Dieoer {=%cv. »p. ind., Rothpletx). 

„ gratio*ui, Waag. 

„ Abithi, Waag. 
8piriftrina odoplicaU, Sow. 

' Dm wiuenKhtftlichen Ergebniiie tier K«is« Jit Gruff n TV1» Suchenji ia 0»t-A»i»n, I. Tl>., Wi»n, 1893. 
p. 72J. 

• F. /WA.-Ueto ptWoi^h* Fatin*» an. Asian unJ Xaraafrika, Xcom Jabrbuoh., 1895. p. 54. 
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Spirtfer muiaileyUntit, Dav. 
Reiieularia lineala, Mart. 
llariioia nucultt, Bothpl. 
At Ajrit Boftii, 

„ eapillaia, Waag. 
Uutinului fimorentii, Bcrr. 
Hemiptyciina iptniplieata, Wa»g. 

Among the ponnian brachiopoda of Timor sixteen species altogether — out of 
twenty-six— are identical with Salt Range forms, exhibiting about equally strong 
affinities with the upper division of the middle Productus limestone and with the 
upper Productus limestone. The occurrence of Cyclolobut pertuleatus, Rothpl., is 
strongly in favour of a homotaxis of the permian rocks of Timor with the Fusulina 
limestone of Sicily or with one of the subdivisions of the upper Productus limestone. 
Similar ammonites have as yet never been found in permocarboniferous strata. I 
consequently think that the ponnian rocks of Timor ought to bo placed on a slightly 
higher level than the Chitichun limestone. 

The relations, which exist between the brachiopod fauna of the Chitichun lime- 
stone and those of beds in a similar geological position in America, Spitzbergen and 
Armenia, are nothing less than striking, while the number of forms identical with 
those found in the permian rocks of Julfa is remarkably small (2). 

The names and distribution of all the species of Chitichun brachiopoda, which 
have been found in other parts of the world, are shown in the tabular statement 
on p. 103. 

The most important fact, appearing on a first glance at this tabular view, is the 
intimate affinity of the Chitichun fauna to the Productus limestone fauna of the 
Salt Bange and its remarkable difference from the permian fauna of the Himalayan 
Productus shales. A special stress must be laid on this faunistic difference be- 
twoen the limestone crag of Chitichun No. I and all the hitherto known beds of 
carboniferous or permian ago in the main region of tho llimalayas. 

Of all tho other classes of organic remains in the Chitichun limestone I need 
say but very little. They take a too insignificant part in the known fauna to 
materially affect the evidence adduced by the hitherto quoted forms of inverte- 
bratcs. It is however worth mentioning that the only species of coral, which 
is very numerously represented in the Chitichun limestone, Lotudaleia indica is 
identical with a form from the upper division of the middle Productus limestone 
in the Salt Bango. 

With regard to the general character of the fauna described in the preceding 
chapter, I may sum up my view in respect to the stratigraphical position of the 
Chitichun limestone in tho following sentence. 

Tho Chitichun limestone is approximately homotaxial with tho upper division 
of the middle Productus limestone (Virgal and Kalabagh beds) in tho Salt Ranse. 
It probably corresponds in age to tho permocarboniferous horizon (Artinskian 
stage) in Russia, but the description of tho brachiopods from the Fusulina limestone 
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of Sicily mast be awaited for, before it is possible to decide, whether it does not 
hold a slightly higher position in the stratigraphical sequence, than the Artinskian 
deposits. 



Statement showing the distribution of the Chitchun permian fauna in other regions. 
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PLATE I. 

1. Stachiociras TrimvbTI, Diener. Entirely chambered specimen. Inside view; 

14, dorsal view ; }c, front view ; Id, fragment of an outer whorl ; It, autural 
line taken from ihe fragment Id ; If, euloral line taken from la. 

2. Cbbuoptgi bimaiatinsis, Diener. Pygidium. 2a natural eize;24 and 2c 

(aide view, enlarged 2 diameters). 

3 a, I. Puillipsi.1 Middumibsi, Diener. Pygidium. 

4. Avicdlopbctbn aff, JABiENsi, Waagen. Cast of a left valve. 

6. LyTtomA hobilu, Waagen. Fragment, showing the cardinal region of the 
ventral valve, with the septa and fragments of the dorsal valve. 

6. Lyttonia nob i lis, Waagen. Fragment, exhibiting the internal characters of the 

cardinal portion of the ventral valve. 

7. Ltttokia hobilis, Waagen. Fragment of the ventral valve of a very large 

specimen, ahowiag the porous character of ihe shelly substance. 
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PLATE II. 

Fig*. 1,8,6. Products hemtkitictilatcs, Mart. Fig. 1, fairly complete specimen, repre. 

wnting the typical form of tbe •pedes, la, ventral view ; 14, dorsal view ; If, 
lateral view ; \d, apical view. Fig. 3, largest specimen known to me. 3<r 
ventral view; 84, front view. Fig. 5, cart of the dorsal vdve. 54, lateral 
view. 

„ 8, 4. Peoductub BOLivtKfsu vaf.. CHITICHOXIS818, two ventral valve*. Figs, i and 

U, ventral views; 48, apical view; 4c, lateral view. 
„ 6. Pkoductub cf. buboostatbb, Waagen. Cart of a dorsal valve. &», dorsal view ; 

64, lateral view; 6e, part of the sculpture, exhibiting the deep grooves along 

the inner margins of the wings. 
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Figs. 



1,2. 




la, ventral view ; 14, lateral view; lc, front view. Kg. I, specimen with a 
very low sinus. 2a, ventral view ; lb, apical view ; 2c, lateral view. 
3—7. Pkodbctds cjeatiosus, Waagen. Fig. 3, complete specimen, %a, ventral view ; 

36, dorsal view ; 8c, apical view ; 3d, front view ; S«, lateral view. Pig. 4, 
specimen with partly preserved spines. 4a, ventral view ; 44, apical view ; 4e, 
lateral view. Fig. 5, largost epecimenkoown to me. Fig. 6, specimen with 
frequently bifurcating ribs. Fig. 7, small specimen with unusually deep 



sinus, a, ventral view ; 66, 66, lateral view ; e , front view ; 5a", 6d, apical view ; 
76, apical view. 

8. Pboddctcs Abichi, Waagen. Ventral valve. Pig. 8a, ventral view j 86, lateral 
view ; be, front view , 8i, apical view. 
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PLATE IV. 

Fige. 1. PBOticirs Coia, d'Orligny. 1«, ventral view; 1», lateral view; If, front 

view ; Id, apical view. 

M 2—6. Piodcctus ukeatcs, Waagen. 2«, ventral vi*w ; 2b, lateral view ; 2c, apical view. 

Fig. 8, ventral valve of a deeply einuated specimen. Figs. 4, 5, largest speci- 
mens known to me. a, ventral view ; b, lateral view ; e, front view ; d, apical 
view. 

pi 6, 7. PuoDmcs CAKCKiKirofcMis, Tscbernyacbew. Partially preserved ventral valve*, a, 

ventral view ; i, lateral view ; e, front view ; i, apical view. 

„ 8, 9, 10. Pboductos mokooucc*, Diener. Fig. 8, ventral valve of a tolerably complete 
specimen, a, ventral view ; b, lateral view ; e, front view ; d, apical view. 
Fig. 0, ventral valve with strongly genicalated trail, a, ventral view • 
6, lateral view ; e, dorsal view. Fig. 10, fragment of a very large ventral 
valve. 

„ 11,12,13. MiBOiKinaA TYPica, Waagen. a, ventral view ; b, dorsal view ; e, lateral view ; 

d, front view ; e, apioal view. Fig. 12, dorsal view of a specimen with 
broken off, thua showing the i 
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PLATE V. ■ 

Fig*. 1, 2. M aroikifera typica, Waagen. a, ventral view j b, dorsal view ; r, lateral view. 
,, 3 — 6. AtruiBTBGEs Tiumcrg, Diener. Figs. 3, 4, average sized specimens, with partly 



preserved shell, a, ventral view ; b, dorsal view ; c, lateral view ; d, apical 
view ; e, front view. Fig. 5, specimen with a very short hinge line, a, von- 
tral view ; b, dorsal view ; e, lateral view ; d, front view ; r, apical view. 
Fig. 6, largest specimen, known to me, cast without shell ; «, dorsal view ; 
b, ventral view ; c, latent) view ; d, apical view ; r, front view. 



7—11. Entelbtm TsciiERNTscuErri, Dienor. Figs. 7, 10, complete specimens, a, dorsal 



view; b, ventral view ; c, lateral view ; d, apical view ; e, front view. Fig. 8, 
ventral view of a smaller valve. Fig. 9, incomplete specimen, with well 
preserved cardinal region, a, ventral view ; 6, apical view ; e, lateral view. 
Fig. 11, dorsal view of a larger valvu. 
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PLATE VI. 

Figs. 1—7. Srnupm TiBmxos, Diener. la, 2o, &a, 44, 64, 7*, ventral view ; 14, 24, 3, 4a, 
54, 6a, 7a, dorsal view ; e, lateral view ; Id, apical view ; 1«, 4**, front view. 
» 8. Spibwhk »iDsAKn«n,it»8is, Davidson. Fragment of a dorsal valve. 
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PLATE VII. 

Fig*. 1 — *. Spihipir Wtknbi, Waagen. «, ventral view ; *, dorsal view ; e, lateral view • 

d, front view ; t, apical view. 

„ 5—7. Sp:riperina cristata vab. octopucata, Sow. a, ventral view ; b, dorsal view ; 

e, lateral view ; d, apical view ; e, front view. 
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PLATE VIII. 

1,2. Mabtisia ILEGAN8, Dieuer. Fig. 1, typ« specimen, a, ventral view ; i, dorsal 
view ; e, lateral view ; d, front view ; e, apical view. Fig. 2, ventral valve 
with partly preserved shell. 24, part of the shell enlarged, to show the 
punctation of the surface. 

S, 4. Mabtikia acutomarginalis, Diener. Fig. 3, type specimen, a, dorsal view , 
6, ventral view ; c, lateral view ; d, front view. Fig. 4 a, ventral view ; A, 
dorsal view ; c, lateral view ; d, front view. 

5, 6. Mabtihia kdcula, Rothpletz. a, ventral view ; b, dorsal view ; e, lateral view ; 
d, front view. 

7. Mabtihia sbmiflana, Waagen. a, dorsal view; b, ventral view; e, lateral 
view; d, front view. 
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PLATE IX. 

Figs. 1, 2. Maetixu ilioans, Diener. 

„ 3. Mabiinia costbacTa, Meek and Worthen. 

„ 4. Mabtisia cr. clabka, Mart. 

„ &— 7. Rbticularia ltkbata, Matt. 

In all the figures on this plate, a represents the dorsal view ; b, the ventral view ; 
c, the lateral view ; d, the front view ; *, the apical view of the sp 
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PLATE X. 



Fig*. 1, 2, 8, 6. Athtejs Rovssi, Leveilld. Fig. 6, specimen, with partly preferred internal 



characters, showing a portion of the spira. appendages, 
•i. Arams subbxfassa, "VYaagen. 

6. Anna t.-i cammata, Waagen. a, dorsal view ; 4, rentral view ; e, lateral view ; 



7 — 10. Uncixclus tuioieksu, Bey rich. Fig. 7, very large specimen with a broad median 



fold. 7a, ventral view; 76, dorsal view; 7c, lateral view; Id, front view. 
Fig. S, specimen, agreeing with Waagen'a Uicinulut Tkeolaldi from the 
Salt Range Productua limeatone. Sa, doraal view; 85, ventral view; 8c, 
lateral view , 8,1, front view. Fig. 9, lateral view of a specimen with a 
strongly impressed ventral valve. Fig. 10, specimen with partly preserved 
*hell and strongly developed sculpture j ventral view. 



d, front view. 
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PLATE XI. 



Spibigebilla obahdis, Waagen 
Spiriobbsxi.a Drrbyi, Waagen. 

Dielasxa BIPLB&, Waag*n ?, east of a young individual. 
Dibla*ma bum's , Waagen. 

CaUAROPHORIA IP. APP. Cf.UMI.NA, Mart. 

In all the figures on this plate, a represents the dorsal view ; b, the 
e, the lateral view ; d, the front view of the specimen. 



ventral view; 
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PLAIT XII. 

Figs. 1,2. HKMimcuuu sfajuiplicata, Waagea. 
„ 3. Hbhiftychina isn.ata, Waagen. 

„ 4. Hbiuftychina nniAi.ATEBSif<, Davidson. 

„ 5, 7, 10. Cam abofhobia gioantxa, Piener. Fig. 7, showing the ventral septa (dental 
plates), ventral view. Fig. 10, showing the ventral as well as the dorsal aepta, 
lateral view. 

„ 6, 8, 9. Camabophobia Ptibdoni, Davidson. Fig. 6, middle sized specimen of the typical 
form. Fig. 9, specimen of unusually Bat shape. 

In all the figuras on this plate, a represents the dorsal view ; i, the ventral view ; 
t, the lateral view ; d, the front view. 
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Figs. 




i{, front view. 

3. FnNsiTELi.AtP.iSD. Fragment of a colony, showing the non-porifercms side, 

natural eize. 

4, Amblys:>uioxella. sp. aw. vesiculosa, de Kon. a, lateral view ; 6, longitudinal 

section ; e, transverse section, tboniug the cential canal. 

5,6. Lossdmxia indica, Wnngen and \\ putzel. 5, lateral view of a sj ocimen, natural 
size; 6a, top view, natural size; (54, lateral view, natural size; (ie, transverse 



section of a cotatiite, enlarged about 20 diameters, showing the transverse 



lamrlU in the centre of the c-lumella. 

7. Amplrci-s sr. ixd. a, lateral view ; b, transverse section, enlarged 2 diameter*. 

8. Pkouleu ATICUU. 
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HIMALAYAN fossils. 
Volume I, Part 4* 

THE PERMIAN FOSSILS OF THE PRODUCTUS SHALES 
OF KUMAON AND GURHWAL 

BT 

D. CARL DIENER, Ph. D. 

WITH PLATES I-IV. 
INTRODUCTION. 

The name Productut $hale$ has boon assigned by Mr. C. L. GrieBbaoh 1 to the 
dark, friable sliales, which in the Niti area arc intimatoly connected with the lowest 
triasrio deposits, the Otoceras beds, but contain a palaeozoic fauna "chiefly 
Producti of latest carboniferous or permian typo." 

The sections, where this horizon has boon most carefully studied, and is richest 
in fossils, are those between Kiunglung encamping ground at the head waters of the 
Dhauli Ganga and the Niti Pass (16,628 feet). 

On the southern slope of the Niti Pass a normal sequence of carboniferous beds 
is exposed at tho base of the Productus stales. Tho upper division of the carboni- 
ferous system is formed by a white quartzite of about 350 feet in thickness. The 
boundary between this dazzling white quartzite and the black, often carbonaceous 
Productus shales is one of tho most important landmarks in the structure of the 
Central Ilimfilayas. In some other places of the Niti aroa, however, the carboniferous 
strata have suffered a certain amount of denudation before the Productus shales 
were deposited. It has been stated by Griesbach that the upper boundary of the 
white quartzite often exhibits a rugged and denuded surface and that it is even com- 
pletely wanting near Patalpani, where the Productus shales rest unconformably on 
the lower divisions of tho carboniferous system.* 

While tho Productus shales are sharply and abruptly defined at thoir base, 
partially overlapping, as is supposed by Mr. Griesbach, an eroded surface of upper 
carboniferous, they pass quite gradually into tho lower trias without the slightest 
trace of unconformity. 

' C. L, Gn«6«<-J.-G«>!ogj of the Cntnl Hu&UtjM. Htm. GeoL Sarr. »f India. Vol XXIII, 1891, p. 68. 
•l.o.p.lU-117. 
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The lithological oharactor of tho Productus shales is described by Griesbach (1. c. 
p. 6G) as follows :— 

* Generally resting on the white quartzite of the upper carboniferous it sharply 
contrasts with the latter ; consist* of Tory dark, occasionally micaceous shales, 
exceedingly friable and crumbling into an earthy dark mass. The shales may 
be said to be earthy here and there, with coaly traces— carbonized vegetable matter. 
A few irregular partings of hard ferruginous sandstone divide the thickness of the 
shales, an occasional string of nodular clay iron ore is found in place of such sand- 
stone partings. In lithological character those shales differ so little from tho next 
higher horizon, that it is easy to mistake one for the other. Tho higher O/cceras 
beds are, however, less earthy and not micaceous. Throughout tho horizon fossils are 
found — chiefly Product* of latest carboniferous or permian type. The best preserved 
specimens arc contained in the grey sandstone partings which are often crowded with 
Producti." 

Nearly all the fossils of this horizon, which have been collected by Mr. C. L. 
Griesbach in the Isiti aroa, aro marked on his labels as coming from the southern 
slope of the Niti Pass, between this latter and Kiuhglung encamping ground. These 
fossils, chiefly brachiopods, are enclosed in a dark, grey mioaceous sandstone, the 
weathered portions of which often exhibit a bright red or yellow colour. Some rock- 
specimens are true lumaohellse, made up entirely of the casts of Chonetea Vishnu 
Spirigerella Derbyi, Athyris lloys%ii or Froduciu* cancriniformit. Most of the 
Productidte aro, unfortunately, rather poorly preserved. They are only casts, 
portions of the shell having been very rarely preserved, nor have I been able to 
study their internal structure, oxcopt in two cases {Productut Purdoni and Pro- 
ductu» gangcticus). 

From this locality I have to mention the following species' :— 

Product** gangctiemt. nov. ep., c. 

„ Purdoni, Dav., R. 

„ ef. Canerini, Vem., vt. 

„ ef. terialit, Waagen, v». 

„ cancriniformit, Tachem., vc. 
Ckonetti Titknu, Salt., vo. 
Spin/or nutakktyleniii, Dav., c. 

„ *p. off. fatcigero, Keys., vs. 

„ uititnti*, n. ep., m. 

„ Ba.to.na, n. gp., vr. 

„ tp. ind. 
Marlinia glabra, Mart, gp., s. 
Atkyrit Rogttii, Lev. gp., vc. 
Spirigertlla Derbyi, Waag., to. 
Ditlatna, gp., ind. 

, Salt., c. 



The next locality (in south-eastern direction), from which fossils of this horizon 
have boon mentioned, is the Chorhoti Pass (leading from Niti to Rimkin Paiar 

• The tignt applied in tbi* and lb. Mowing liata an at folWa :- ti a> very- rate \ a 
tc = very common. 
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encamping ground). The fossils, which were collected by General R. Strachey and 
afterwards described by J. W. Salter 1 as carboniferous, were found in looso blocks, 
in a locality filled with silurian slate. General Strachey, however, stated that 
the whole series of rocks was traversed by groat faults, some of which may prob- 
ably have brought down those younger strata from a higher level. The species 
described by Salter, were collected from a blackish, arenaceous limestone. As 
they are the only ones in the Niti area, to which this author attributed a carboni- 
ferous age, it seems worth mentioning, that no true carboniferous deposits have been 
made known by Strachey. 

J. W. Salter gives the following list (p. 52) of species from this locality :— 

1. Product** Purdoni, Dav. PI. V, fig. 10. 

2. P. Fieimingt, Sow. ? (or P. carbonari* de Kon.) PL V, fig. 11. 
8. Ckontle* VUknm, Salter. 

4. Atkyrit Rcyuii, Ley. (only a (mall variety but pretty plentiful here) 

PL V, fig. 13. 

5. OrtkU, gp. 

6. AvieutopteUu kimalii, Salter. PI. V, fig. 14. 

As only the two now species have been fully described by Salter, while the 
rest have been only figured in a rather insufficient manner, it is not easy to 
identify them with my material. 

There can be but little doubt about Athgria Eoytsii, which is most probably 
present among the fossils of the Produotus shales from the Chorhoti. "What has been 
figured by Salter as Productut Purdoni, is a fragment of the dorsal valve of either 
Productut gangeticut or of P. terialit, Waag., bnt has, 1 believe, nothing to do 
with Davidson's species. Salter's Productut Flemingi or P. carbonariut can 
scarcely be identical with P. eancriniformit, Tschern., although it is apparently 
provided with a similar sculpture. The shape of the apical region however recalls 
that of a Chonetes. In this respoct tho figure (PI. V. fig. 11) is entirely mis- 
leading, as it represents a brachiopod with a distinct area, but not a species of 
the genus Product m. I am consequently unable to identify this species with any 
in the Himalayan collection. 

The Orthit (?) may perhaps have to be oonsidorod as the dorsal valve of Chonete* 
Vithnu, which seems to have remained unknown to Salter and may, especially in 
incomplete fragments, be easily mistaken for an Orthit. 

Nevertheless the character of this fauna leaves no doubt as to its derivation 
from the permian Productus slialos of Painkhanda, 

On the southern slopes of the Shalshal Cliff near Rimkin Paiar encamping 
ground and of tho Bambanag range in the Girtbi valley I had myself an oppor- 
tunity of studying the lithological and stratigraphical features of the Productus 
shales. I found them— in perfect accordance with Griesbach's description- 
developed as shining black, splintery shales, showing considerable resemblance to 

' J. TT. Salter and S. F. Stanford — Paleontology of Niti in the Northern Himalaya : bain* description* tad 
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the well known Spiti shales. Like the latter they contain many concretions, 
which, however, are always devoid of fossils. In the sections examined by myself the 
Productus shales proved to be entirely unfossiliforous. There is indeed no fossil 
from any locality between the Niti Pass and Lissar valley represented in the 
Himalayan collection. 

In the valleys of the Lissar Ganga and Dharma Ganga the Productus shales are 
quoted by C. L. Griosbach (loe. cit. p. 172—178) in many of his sections. They are 
here rathor thicker than in the Painkhanda sections, ospocially in the section 
described on page 175, where the Productus shales are both strongly developed 
and rich in fossils. Part of this section runs as follows :— 



alternating ; fossils of 



Prvtndn 
tkaUi 

(Total thickness 
about 185 feet). 



46 



lever MM { 0lrl1 litt "*toue in thin beds, with dark I 

I the Otocera* stage. 

Black crumbling shales, with ferruginous concretions in irre* 
pilar partings), thickness 85 feet. 
A. Micaceous and calcareous sandstone with fueoid marking* ; with 

shah/ partings and irregular thickness about 2 feet 
g. Micaceous dark shales, which weather in bright colours with 
ferruginous concretions. Shales show fueoid markings. Thick- 
ness 7 feet. 

(/. Same as k. "With hrackiopolt. Thickness 3 feet. 
e. Same as g. Thickness 51 feet. 
d. Dark limestone with indistinct phni 
inches. 

c. Dark micaceous shales with fueoid ' 

feet. 

6. Argillaceous limestone in thicker beds, thickness 8 feet, 
a. Earthy shales with fueoid impressions. Thickness 3 feet. 
Upper earboniferoxt White quartsdte series. 

| 

Bed/ is verv rich in braohiopods. To judge from the rock specimens in the 
Himalayan collection it must be a true lumachella, resembling most closely similar 
lumachellse in the sandstone partings of the Productus shales near Kiuoglung 
encamping ground, as above described. But the association of species is somewhat 
different, as bed/ is made up almost entirely of the casts of Chonetet litsarentia. 

The list of species represented in the Productus shales of the Lissar valley is 
verv small in comparison with the enormous number of individuals. I have to 
mention the following species only :— 

Chonetet liitartntie, nov. sp. 
Spirifer Havana, nov. sp. 

„ mutakkejfltntit, Dav. 

„ jokarentii, nov. sp. 
Jlkyrit Rojilii, Lev. 
Product™, sp. ind. 

It is rather remarkable, tliat not a single specimen of Product™ cancrinifnrmia 
or Si>irigerella Derbyi has been collected in tho Productus shales of the Lissar 
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valley, whereas these two species are exceedingly common in the same beds of the 
Niti area. 

From the Mankshang pass at the head of the Kuti Yangti valley one single 
fossil of this horizon only is present in Griesbach's collection. It is the Orthocerat 
figured on PI. V of this memoir. 

That equivalents of tho Productus shalos are equally present in Spiti, has been 
proved by Griosbaoh with full certainty. Here they form part of Stoliczkn's Ruling 
shales, but, as has been justly remarked by Griosbaoh, beds of a very different ago 
have been united by Stoliozka as Ruling 8hale9, to whioh horizon this author has as- 
signed a carboniferous age.' 8ome of the more instructive sections through tho 
carboniferous and permian deposits of 8piti have been more fully described by C. L. 
Griosbaoh in his monograph on the Central Himalayas (p. 215-223). Tho divisions 
of tho two systems in Spiti are the following (according to Griesbach's table) :— 

9. Black ProdHclm (Ruling) Shale.. 

8a. Dark flaggy limestone. 

8. White quartzite series (Mnth Qnarfzite). 

7«. Re4 crinoid Limestone. 

7. Earthy dark-grey limestone. 

The flaggy limestone 8a. is wanting in all the eastern sections. It confor- 
mably overlies the white quartzite of an upper carboniferous age in flaggy beds 
of a total thickness of about 70 feet. According to Griesbach (1. c. p. 21G) it " lias 
yielded numerous fossils, though few in specios. Amongst them are several Pro- 
ducts Athyru Royttii and Corals. Its evident connection with tho white quartzite 
(8) and fossils define its upper carboniforous age." 

The Productus shales, which in the Spiti sections seem to rest conformably on 
the carboniferous beds, are described by Griosbach (1. o p. 218) as " 150 to 200 feet 
in thickness, mostly densely black, crumbling and soft, divided by strings of ferru- 
ginous concretions and Layers of splintery shales. Occasionally an irregular bed of 
dark grey to olive colourod sandstone, weathering dark brown, divides the formation 
andis generally full of fossils, chiefly Producti. The shales also yielded many 
specimens of Producti and a few other brachiopods." 

I have intentionally quoted Griesbach's description in full detail, because it is 
very important, proving tho existence of two neighbouring fossiliferous horizons, one 
of which is supposed to be of upper carboniferous age, whereas tho other must be an 
equivalent of the permian Productus shalos of Gurhwal and Rumaon. Unfortu- 
nately the fossils from those two horizons seem not to have been kept separate in the 
Himalayan collection. Griesbach's collection from the localities of Muth, Rhar and 
Ruling in Spiti contains tho following species only :— 

ilarginifera off. tt/pica, Waag. 
Spiri/tr rajah, Salter. 

„ mmakkeyleitit, Da v. 

I F Stol>cib> t *• Geclagual 

to 



I F : •• GeologVal sections acrou the H.maUr.o Mountains from Wsngtn Brings on the River But lei 

8-nBdoonthelBd.il." J!ea>. CM. Sunr. of India, V. P«. i. Calcutta, 1866, p. M. 
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Among them Marginifera aff. typica is by far the most common fossil. A 
very large number of specimens is present in Griesbach's collection as well 
as in the collections of Drs. Gorard and Stoliczka. It is the same species, which 
the latter author has identified with Producing temireticulatui Mart, and with P. 
longispinus, Sow.' and it is probably likewise identical with Lydekker's Productus 
$emiretieulatu» from the Ruling series of the Kashmir Valley.* Neither this species 
nor Spirifer rajah is as yet known from the Productus shales of Gurhwal and 
Kumaon of truly permian age. The third species, Spirifer mutakheylennt, Dav., 
is an ubiquitous species in the Indian region, ranging in the Productus limestone of 
the Salt Range from the lowest to the topmost bed. These fossils therefore do not afford 
any clue as to the age of the strata, from which they have been derived. Nor can any 
conclusion be drawn from the labels attached to them, which simply mark their 
horizon as " Upper carboniferous." 

The matter becomes still more complicated by an inspection of the large bulk 
of fossils, which havo been collected by different observers in the so-called carboni- 
ferous deposits of Kashmir. There can be little doubt that equivalents of tho true 
Productus shales of Gurhwal and Kumaon must likewise be present. One of the 
most typical fossils of the permian strata of the Salt Range, Productus Abicki, 
Waagen, has been figured by Lydekker,' (identified by him with P. Humboldti, 
d'Orb.), and is quoted by this author as having been oollected in the Ruling series* 
of the Kashmir valley. It is, however, absolutely impossible to state, which portion oi 
the so-called carboniferous beds of Spiti and Kashmir actually corresponds to the 
Productus shales. I havo tried in vain to establish a division of the fossil materials 
containod in the Himalayan collection with regard to stratigraphical horizons. I 
entirely failed to succood, becauso a very large percentage of the predominating 
brachiopods are common to the permian and carboniferous rocks. 

Consequently, I at last resolved to describe the fossils of the Productus shales 
in Gurhwal and Kumaon quite separately. This seemed to me the only way to avoid 
confusion. In Gurhwal and in Kumaon the Productus shales are a well established 
horizon with a distinct fauna. In other parts also of the Himalayas, however, this 
horizon is, it is true, certainly present,' but the geological reconnaissances have not 
been carried out carefully and thoroughly enough up to now, to allow a special descrip- 
tion of its fauna. It is therefore impossible for the moment, as I at first desirod, to 
unite the description of all the permian fossils of the Himalayas in one part of this 
volume, as in the collections from Kashmir and Spiti the carboniferous and permian 
faunas cannot be separated with precision. On the other hand it would have been a pity 
not to devote a special description to the permian fauna of the eastern portion of the 
Central Himalayas, where this fauna is imbedded in a horizon with a distinctly fixed 
stratigraphical character. The treating of fossils, belonging probably to the same 
horizon, in different parte of this volume may be felt as inconvenient, but it was, 1 
believe, the only way to remain on safe ground. 

• of. Steiinka, L e. p. 29. 

• if. Ljitkktr, " Tb« GtoJogy of th. Kuhmir tnd Chtfmba Territoriea, and ibe liritlih district of Khrfgrfn." iltm 
Owl. 6urv. of India, XXII.. OUoatU, 1883, Fl. II, fig. 3. 

• S. Lfdtkior, L o. PL II, fig. S. 
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In finishing the introduction to this memoir it is my duty to express my sincere 
thanks to all those, who have contributed more or less materially to its completion. 

Among them I havo to offer my most sincere gratitude to Professor W. Waagen, 
whoso amiable advice aided me in many ways, and has been of no small influence 
on the contents of this memoir. 

Great thanks I owe to Dr. Theodor Fucbs, Director of the Geological Depart- 
ment of the Imperial Museum of Natural History in Vienna, who kindly furnished 
me with all the materials from the permocarboniferous rocks of 8pitzbergcn in the 
possession of his department, for comparison and description. He thus enabled me 
to Htudy a considerable number of Toul.iV type specimens from Payer's, HSfer's 
and Drasche's collections. The presence of nimalayan species (Spirifer mtuakhey- 
lenni) in Spitzbergen, or their close relationship to Spitzbergen forms (Productui 
Payeri) would otherwise have remained unknown. 

To Professor E. Suess I am indebted for the unlimited loan and use of speci- 
mens, contained in the university's Geological Museum, to Professor Th. Tscherny- 
schew of St. Petersburg for his kind assistance in determining some of my nimalayan 
•specimens of Productui. 

My most sincere thanks are due to the Director of the Geological Survey of 
India, who with this as with my foregoing memoirs undertook the unpleasant task 
of reading the proofs. 
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DESCRIPTION OF FOSSILS. 

MOLLUSCA. 

Class : CEPHALOPODA. 

Order: NAUTILOIDEA. 

Family: ORTBOCIRATIDjE. 

Genus : ORTHOCERAS, Breynius. 

Ortuockras sp. ind. PI. V„ fig. 12. 

The single, rather poorly preserved, specimen of Orthoceras in the Himalayan 
collection of Productus shales fossils belongs to the section of the Orthocerata 
striata. 

The distance of two septa is exactly half the diameter of the lower septum. 
The specimen has been so considerably deformed, that I cannot make out the exact 
shape of its transverse section. I believe it however to he circular, not elliptical. 
The ocntral position of the siphuncle, as indicated in the drawing, is equally doubt- 
ful. The body chamber is partly preserved. The angle of emergence seems to be 
remarkably small. I estimate it to be about 4 degrees only. 

The fragments of the shell are covered with numerous delicate striae without 
any distinct imbrication. About ten strirc are counted on the surface of the lowest 
chamber (diameter about 14 millimeters), corresponding to a distance between the 
two septa of 5 mm. 

Among the carboniferous species of the genus Orthoceras described by L. de 
Koninok, there is not a single one which might advantageously be compared with 
the present specimen. Although, in general, the latter rather recalls the triassic 
species of Orthoceras, its state of preservation is too bad, to fix any of its affinities 
in a more positive way, as neither the outlines of its transverse section nor the 
position of its siphuncle are oxactly known. 

Locality, number of specimen* examined.— Mankshang Pass, Kuti Yangti 
valley, Byans, L 
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Class : LAMELLIBRANCHIATA. 
Order : ANISOMYARIA, Neumayr. 
Family : PECTINlDsE, Lam. 

Gonus: AVICULOPECTEN, M'Coy. 
Aviculopecten HiEMAiis, Salter. PL V, fig. 10 a, b, 11. 

1865. Jeetlopeeten iitmalu, Sailer. PaLvontology of Kitiin the Northern Himalaya*, etc, by J- W. 

Salter and H. F. Blanford. Calcutta, p. 56. PI. V, fiir. 14. 
1S8L Avindoptettn Uemalu, Waapn. Salt Banff* Foaeila. P.l.w>otologia Indica, eer. liiL Vol. I, Pro. 

d»ot<»lim<.tooe Foeeile p. 301. 

As I have not been able to clear the hinge apparatus from the adhering matrix 
in any of the specimens from tho Himalayan collection, the generic determination of 
this species is founded on its extornal characters only. Among the PectinidtB of the 
Salt Range Productus limestono Waagen, as a rule, considers as belonging to the 
genus Aviculopecten such species as liave the anterior whig smallor than the 
posterior one, whilst on the contrary the species with a large anterior and a small 
posterior wing were attributed by him to the true genus Pec ten. 

Salter, when introducing his now species, had only a left valve available for 
description. In my matorial the species is likewise represented by left valves only 
having tho anterior wing, considerably smaller than the posterior one. Although 
this fact seems to exclude the ascription of the present species to the genus Pecten 
Klein, there still remains the difficulty to bo settled, to which of M'Coy's nearly 
allied genera, Aticulopecten or Streblopteria, 1 it ought to be attributed. The great 
difficulties encountered in settling the limits of these two gonera, are well displayed 
in Salomon's memoir: "Geologische und Palieontologischo Studion iibor die 
Marmolata " (Palajontographica, XLU, 1895, p. 149). The only character, which 
always holds good for their distinction, is tho inequality of the two valves in 
Aviculopecten. In the face of the absence of the second valve one is at a loss 
how to distinguish tho single valves. 

After many fruitless attempts I at last succeeded in clearing tho apical region 
of a right valve from the adhering rock. This latter, although very poorly preserved, 
proves the two valves to be markedly unequal. Thus the reference of our species to 
the genus Aviculopecten seems to be thoroughly justified. 

Salomon justly laid a special stress on tho very slight differences existing 
between Streblopteria, which has always boon considered a genuine member of the 
family Peotinidce, and Aviculopecten., which is assigned by different authors either 
to tho Pectinidce or Aviculidce. He consequently groups Aviculopecten with the 

1 Jt Coy, AonaUand Magaxitie of Natural Hietory, VII, Btr. it 1851, p. 1T0. 
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Peetinida, following, as he states, the opinion expressed by K. Ton Zittel in his ex- 
cellent "Handbuch der Palaeontologie " (Band II, 1885, p. 30). It must however 
be mentioned, that Zittel in his recently published " GrundzQge der Palaeontologio " 
(Munchen und Leipzig, 1895, p. 261) takes a different view of the subject, quoting 
Aviculopeoten among the Jviculida, Lam., whereas Streblopteria is left, of course, 
with the Peetinida. As the present one seems to me a case in which it must be left 
to the taste of each author, how far he is inclined to extend the limits of the one 
or the other family, I prefer to follow Waagen's and Salomon's views in thk matter. 
Salter characterises the present species in the following manner :— 
"A. semiuncialis. Valva profundior oonvoxa, subtrigona, apice acuto, auribus 
modicis, abrupto depressis. Superficies costis 16 eminentibus, aequidistantibus in- 
terlineatis. 

•« The loft valvo of tliis small species— only one half inch long and as much wide — 
is orbicular, regularly convex, subtriangular, and rounded in front. The beak is 
sharp and projecting ; the ears are unequal — the anterior one small, with a few striae ; 
the posterior broad, notched, and pointed, and both abruptly sunk. The surface of 
the shell is regularly radiated by about sixteen strong sharp ribs, equally distant 
from each other, and interlined regularly by a finer one betwocn each pair." 

" The ribs are nearly smooth, a little nodular here and there, and crossed by 
concentric ridges of growth. 

To this description of the species the following remarks may be added :— 

The general outline of the shell is but very slightly inequilateral and longer 
than high. The left valve is tolerably inflated and, so far as I am able to judge 
from my apical fragment of a right valve, much more strongly vaulted than the 
latter. Its greatest thickness coincides with tho upper quarter of the diameter, ex- 
tending from the apex to the ventral margin. 

The apex is about median in its position, little prominent, pointed and well in- 
curved. It is limited on both sides by wings, which are quite distinctly marked off 
from tho remainder of the shell. The anterior marginal edge, separating the marginal 
region of tho shell from tho corresponding wing, dopes in a perpendicular wall 
towards the surface of tho hitter. Towards the posterior wing the shell is less steeply 
inclined, and the edge, separating them, is less sharply defined. 

The apical angle varies in my specimens from 83° to 88", whereas tho angle 
between the lines connecting the apex with the terminal points of the ventral shell 
margin is about 100". 

The anterior shell margin forms a broad curve, which projects far in front of 
the anterior wing and unites with the ventral margin in a strong, semicircular con- 
vexity. The posterior shell margin descends from the cmargination of tho wing in 
a very broad and flat curve, and forms an obliquely pointed arch in »ni (i ng with 
tho ventral margin whose shape is nearly semicircular. 

Tho anterior wing is smaller, more slender and more strongly emarginated than 
the posterior one. It is slightly vaulted. The length of its anterior margin is about 
one half the length of its sutural margin, which itself is of equal length with the 
hingo line of the anterior wing. Its falciform anterior margin unites with the 
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hinge line in a sharp point. Tho posterior wing is oonsiderahly hroader, and flat. It 
seems from the larger of my figured specimons, that it was pointed. There is, 
however, no distinct observation possible as to its exact shape, the posterior portion 
of this wing being broken off completely in all tho rest of my specimens. 

The hinge line is straight and oonsiderahly shorter than the length of the shell, 
measuring only two thirds of the latter. The mode of insertion of tho ligament 
could not be observed. 

With regard to the sculpture of the shell I must slightly oorrect Salter's 
diagnosis. 

Three different classes of ribs may be distinguished according to their strength. 
The principal ribs, which rise in the apex, are only 8 in number. Between 
two of them one rib as a rule is regularly intercalated, which often assumes a 
strength equal to that of the principal ribs on approaching the ventral margin of the 
shell {e.g^ the specimen, figured PL V, fig. 10 a.), but either does not reach the apex 
at all or grows very thin in its vicinity. Tho ribs of the third sort are more 
delicate, although rather unequal in strength and size, and are placod irregularly 
between those of the former classes. A small number of them even develop by 
the bifurcation of a single rib. The principal costte are equidistant, prominent 
and steeply rounded on their tops, with flatly curved valleys between them. In 
some of my specimens they show a marked tendency to rise into protracted no- 
dular elevations, which are, however, only faintly defined. 

The radial sculpture is crossed by numerous shelly lamellae, corresponding to 
stages of growth and forming occasionally broad, ogival vaults on the radiating ribs 
(PI. V, fig. 11). 

The anterior wing is covered by both thin radial ribs and stria; of growth. 
The sculpture of the posterior wing I have not been able to study. If any exists, it 
ought to be very dolioate. 

The specimen of A. hiemalit, figured by Salter, is a comparatively small one. 
Some of the shells, collected by Griesbach at the same locality, attain a muoh larger 
siae. 

The measurements of the two specimens, which have been figured in the 
present memoir and among which the second one is the largest in my collection, are 
as follows : — 

PLV.&k. 10. Fig.U. 

Entire length of the , hell about 31 mm. 5l mm . 

n height 31 m '2 

Thiekoe*. of th« lift t*1t S 6.5 ,. » , 

Length of the hinge line t „ 33., 

Apical angle 83° „ 87°.. 

TYaagen, 1 misled by Salter's bad figure, oonsidored Aoiculopecten crebriatria- 
tut, Koninck,* from the lowest fossiliferous bed of tho Salt Range Productus lime- 
stone as the nearost ally to the present species. Their resemblance is, however, only 

1 Salt Bang* Fouils, Pal. Indie, Prodaotui limwtone Foe.il*, aer. xiii. I. p. 313. 

' Qn»rt. Journ. QeoL 8oc^ London, XIX, p. 8, PI. IV, fig. 6 ; Jte mciie ear <ee fowUee paleoioiquee, recneilli! dan* 
rinde, p. IT. PI. IV,6g.5. 
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a distant one, and there is no difficulty in distinguishing the two species. Rcmark- 
ahlo differences exist in the nearly circular outline, in the oqual thickness of the 
two Talves, and in the less prominent sculpture of A. crebriitriatut. A further 
difference may be constituted by the shape of the anterior wing, which in one of 
Waagen's specimens seems to stretch rather far down the anterior margin of the 
shell, and to bo limited on its upper side not by a horizontal but by a sloping hinge- 



A much greater affinity than to any of the pahcozoic forms from the Salt 
Range is exltibited by the present species to A. Koktcharofi Vemeuil 1 from the 
pcrmooarboniferous and permian strata of Russia. 

There has been somo confusion about Aviculopecten Koktcharofi and A. BouH 
Verneuil (PI. XXI, fig. G, p. 326), which was completely cleared up by Count 
A. von Keyserling 1 and Th. Tschernyschew. * In sculpture and in general outline 
my largest specimen of A. hiemalit (PI. V, fig. 11) resembles Taohernyschew's type 
specimen of A. Koktcharofi from Soligalitsch so vory closely that differences can 
only bo noticed in the minor details. In A. Koktcharofi the apes seems to be 
more strongly pointed, but loss prominent, the apical angle is largor, the anterior 
wing seems to be flat, not Blightly vaulted, and its anterior margin is not of 
falciform shape as in A. hiemalit. All these differences are however of so small 
importance, that with specimens of A. Koktcharofi for comparison at hand, one 
might pcrliaps bo compelled to consider the Indian shell to be only a variety of 
the Russian species. For the .'present I must content myself with drawing attention 
to the fact that the two species are apparently very nearly related to each other. 

A similar sculpture to that of A. hiemalit and in A. Koktcharofi is exhibited by 
A. Dratchei, Toula, 4 from the pormocarhoniferous strata of the western coast of 
Spitzbcrgon. Tho sculpture of this specios is likewise distinguished by the presence 
of three different groups of cosfae, among which the strongest only roach to the 
apex of the shell. Essential differences consist, however, in its perfectly rounded 
margin and in the shape of the wings, the posterior wing being strongly emar- 
ginate and sharply pointed. 

A more distant similarity is exhibited by the sculpture of A. cccidaneut, Meek, 
(CI. King, Report of the geological exploration of tho 40th parallel, Vol. IV, 
Washington, 1877, Palaeontology, p. 96, PI. XII, fig. 13) and of A. hoernetianut 
de Koninck (Monographie des Fossiles carboniferes de Bloiborg on Carinthie, 
Bruxellos, 1873, p. 89, PL III, fig. 27). Whether noarer affinities exist between our 

1 E. de Verntml in: ifarchiton. de Venunil et A. K-vitrUno, Otologic de U K^»«ir de I'Europe et de 
Montagues de 1'Onral, 1875. Vol. II , p. 826, PI. XX, 6*. 10. 

' A . Graf Keyttrliny nod Taut van Kriuenttem : WueeDschaftliche Ueobichtangeo auf einer Beiee iu dm 
Petaeboralnnd. St Peterebonrg 1876, p. 275. 

* Th. Ttc.ktr»j§eken : Drr permische Kallcstein im Gonreroemetst Ko'troma. Separatabdr. »ua Verh. der kai«. 
men. miner*!. Gewilich. in St. Peter»boarir, 1885, p. 20. See also L. de Koninck, F.nne do rales, ire carbouifcre de 
la Uelgiqoe. Annul*, dn Mu»&. Royal d'Hiit. nat. de Relgique, XI. 6 «"" parlir, p. 221. 

* F. 'Jbula : Penno-C»rbon»Fos»ilien rna der Westkitste too Spitxberjren, Naurs .lebrb. f. Miner. 18*5, p. 212* 
Tsi. VII. fig. 5a. non b. I do not tbink tbat the latter specimen can be identified with Touls's species, a* it i« distin- 
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apocies and A. cegypticut, Walther (Uobor eine Kohlenkalk-fauna aus dcr segyptisch- 
arabischen Waste, Zeitschr. Deutsoh Geol. Gesellsch, XLII, 1890, p. 437, Taf. 
XXIV, fig. 11) from the upper carboniferous strata of the Uadi el Arabah, 1 1 am 
not able to decide. In their outlines and sculpture the two species show a marked 
resemblance, although Walther's figure and description do not give a very clear 
idea of the African form. An essential difference consists in the three rows of 
spines, which are observed on the anterior wing of A. agypdeua. 

Locality, number of specimen* examined.— X . W. Kiunglung encamping ground, 
S. W. Niti Pass, Painkhanda, 6. 

Semarkt. — Aviculopecien hiemalit has not boon disooverod outside the district 
of Painkhanda. Its nearest ally, A. Koktcharofi, is known from uppor carboni- 
ferous, pemocarboniferous and permian beds. As A. hiemalit may perhaps prove 
to be only a variety of this wide spread species, a few notes on tho geographi- 
cal and geological distribution of the latter may be found useful. 

A. Koktcharofi was first described by E. de Verneuil from Schidrowa on 
the river Waga (Archangel), where it had beon collected in a marly limestone over- 
lying the strata of white gypsum, which, according to Murchison, form in this country 
the base of the permian system. It is quoted by Count Keyserling from the 
permian limestone of Kisoherma on the river "Wei, and by Th. Tschernyschow from 
the lower permian of Kostroma, from the permooarboniforous deposits of the 
western slope of the Ural Mountains, and (according to Barbot de Marny aad 
Lahusen) from Kirilow. Tschernyschew in his momoir on Kostroma oxprossly 
mentions A. Koktcharofi among the species, which mako thoir first appearanoo in 
the Artinsk stage, but do not descend into older strata of carboniferous age- 
Nikitin * however figures an import oct fragment from tho stage of Gshol (horizon 
of Chonetet uralica) as A. cf. Koktcharofi and quotes this species from the topmost 
carboniferous beds of the Ural, adding that it does not occur in the Moscovian 
stage (horizon of Spirifer tnotquemit). Also Tschernyschow,' in contradiction to 
1 1 is first statemont, later on quotes A. Koktcharofi from the upper carboniferous 
deposits of tho Timan. Prom Spitsbergen the species has been desoribod by F. 
Toula ' as A. Bouei. It there occurs in strata of probably permooarboniforous 
age.' 

I scarcely noed to state that Pecten hiemalit Toller* has nothing to do with the 
present species. 

» JUMrffafaMUdM eina .ngebliehe Koblankalk-rWa ana dar » f rpUecL-arehiacheo Wdate : ZeiUchr.d. 
Daotaeu. lieol. 0,*., XLVI., UM P- 68. 

' 8. IftUtim : D£pM* ctrbooiftr* at paita ArU.iene dane U Begioo de Moeeou. M4moirei Com. Geol. de U 
R,».i«, V. No. 5. 8tP<UMboar K 1BS0, Tib. I. fi* 3. p. 68. 74. 

» 7k. 'Sieitrnftcktw .- Tt»T»ai oitoMt* aa Tiuuoe ea 1839. C ft prfl. BulL Com. Geol. da h Euaeia, 8U 
PiUrabo a r,r, IBM), p. 83. 

« F. Toula : Kohknkilk-PoMilien Ton der SuhpiUe iron Spitsbergen, SiUgeber. Kaie. Aked. d, Wiae. Wian 
LX VIII, 173, p. 285. Vide : ftckerfcita, Koatroma I o. p. 22. 

• P. TvuU (Naoaa Jahrb. f. Miner., 1875, p. 227) ooneideri the foeiila from Nordennkjdld 'e U*d 4 la the auction 
of Aid Ieland at being of permocarbon idrro a» ago. To tbU bad aocmi to oorr*apond t ha fuaaihfcroua aandauoa of the 
South Cap* of Sj)Hxb<?rgeo, in whioh the present epeaiae haa been collected by Payer, the well known Aaatrian explorer 
of tbe Arctic region*. 

* F. Teller in E. t. Mojiitomc*: Arktieehe Triaafaunen, Hera, de l'aoad. iinpe'r. dea eeiewce da St. Ptftenbourg, 
earrii, XXXIII. No. 6. 1888, p. 186. 
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MOLLTJSGOIDEA. 

Class: BRACHIOPODA. 

Order: TESTICARDINE8, Broun. 

Suborder : APHANEROPEGMATA, Waagen. 

Family: PRODUCTIVE Gray. 

Subfamily: CHONETINJE, Waagen. 

Gonus : CHONETE8, Fisoh. t. Waldh. 

Section : STRIATA, do Koninck. 
1. Ceonetes Vishnu, Salter, PI. LT, fig. 5, 7, PI. V, fig. 9. 

1885. CAonett, FuW, Salter. Palawotologj of Nili. »te,, by J. W. Salter ind H. F. Blauford, p. 54, PI. V, 
fig. 12,».b. 

1881. CW/« Vitkuu. Wwgea, Salt Ran R e FouiW, P«l. Io«I.. wr. xiii. I. Product™ lime, tone W,, 
p. 631. 

In the Himalayan collection this species is almost exclusively represented by 
internal casts. In one specimen I have boon ablo to examine the shelly layer of 
the dorsal valve, but in the ventral valve fragmentary portions only of the shelly 
substance were available for observation. 

Otherwise a fairly completo diagnosis of the present species can be given, which 
will considerably add, I hope, to the rather short description given by 8alter. A 
revision of Salter's diagnosis seemed the more desirable as the latter had proved 
insufficient to fix at all precisely the affinities of Chonetet Vithnu to Ch. compretsa 
Waagen, from the Salt Range and to a considerable number of forms, described by 
Norwood and Pratten, from the North American coal measures. 1 

As Salter's memoir is extremely rare and the number of its copies, especially on 
the continent, very limited, I bolievo myself justified in quoting Salter's diagnosis 
verbally. 

It runs as follows : — 

** C. semiuncinalis, prof undo biloba, transversa, aurioulis nullis, striis angulari- 
bus, irregularitcr bifurcatis et intcrlineatis, striis incrementi distinctis. 

' Vid« Waagea, U o. p. 631. 
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" Transverse, the ears square, not produced. Half an inch broad, and about a 
quarter long, convex, strongly bilobed. The furrow reaching to the very beak. 
Striate. The stria? are angular, with equal spaces between them ; they bifurcate 
very irregularly at all distancos from the margin, and aro wavy and rather nodular, 
crossed by somewhat distant, coarse linos of growth, and by very numerous close 
concentric striic. 

" Interiorly, lines of small and rather remote puncta aro placed in the furrows 
between the ridges. 

• " This species differs from all allied forms described by de Koninok in the strong 
bilobation and the coarsonoss of the stria-. The ooarse-ribbed species in his work 
are not flattened or bilobed. The bilobed species on the other hand are finely ribbed. 
C. ordremis, a shell of the same size but without a furrow, comes nearest our 
fossil. It is the common British fossiL " 

This diagnosis will be completed by the following remarks : 
The shell is of rather variable size. It is always considerably broader than 
long. In the specimen figured Fl. II., fig. 7, the breadth of the shell is nearly 
double its length. The straight hinge line is always as long as the greatest 
breadth of tho shell. Tho outline is transvorsoly rectangular with semicircular 
margins. 

Tho ventral valve is rather strongly convex. The curve is in neither direction 
quite equal and regular. It is strongly flattened on the lateral parts both toward 
the wings and in the vicinity of the front margin. The demarcation between the 
Btrongly curved visceral region and the flattened marginal portions of tho shell is 
more or less distinctly defined. The apex is scarcely prominent, pointed, and does 
not overlie the hinge line. Below it there extends a narrow, flat area, divided by 
a distinct doltidial fissure. No spines could be distinguished on tbe cardinal mar- 
gins, limiting tho area abovo. 

Salter mentions that " the ears are square and not produced, " no distinct 
wings being formed (aurioulis nullis). This allusion has however reference to 
one of his type specimens only (Joe. tit. PI. V, fig. 124) whereas the other (PI. V, 
fig. 12o) is provided with clearly distinguishable, auriculate wings. Nor are they 
missing in any of my specimens. 

A very deep, but comparatively narrow sinus extends from the apex to tbe 
front margin, but is gradually obliterated in the vicinity of the latter, increasing in 
width in the meantime and becoming cuneiform. It is sharply cut, but slightly 
rounded in its depth and bordered by steep marginal walls. The latter characters 
arc however restricted to the central portion of tho valve. No trace of a median 
fold is observed in the bottom of the sinus. 

The ornamentation of the shell, as desoribed by SalUs-, I have not been ablo 
to examine in detail all over the valve, as small fragments only of the sholly sub- 
stance, adhering to the casts of my specimens, aro available for comparison. They, 
however, agree wcll.with Salter's description, as regards their sculpture, allowing the 
oxistence of numerous wavy, radial stria?, orossed by much more delicato concentric 
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stride and by coarso lines of growth, to bo established. The surface of the cast 
exhibits numerous delicate radial furrows with regularly arranged puncta, closely 
resembling the grooves which arc produoed by the impressions of a sharp needle. 
These extromcly delicato furrows aro also occasionally intersected by coarse lines of 
growth. 

The dorsal valve is distinctly, though very flatly, concave. I have not been 
able to state with certainty whether it is provided with a linear area. A median 
fold or varix, corresponding to the sinus in the ventral valve is but very slightly 
indicated. 

The ornamentation of tho interior consists in this valve of very numerous 
and delicate stria;, of which there are five to six in the space of one millimetre, so 
that aB many as 100 or 120 stria; may be counted round the margins. Each 6tria- 
tion bears about 20 tubercular shaped granulations, which are largest and thickest in 
tho central portion of the valve, and slightly diminish in size towards the margins. 
Tho external sculpture is exactly the reverse of tho ornamentation of the cast. 
To the stria; on the surface of the latter correspond wavy, irregular furrows, which 
are, however, much coarser and less numerous. Along them punctures and grooves 
are disseminated pointing towards the margin of the shell. 

Tho internal structure of this species is not known to me. 

The measurements of the largest specimen (PI. II, fig. 5) are as follows :— 

Entire length of tboihell 9 mm. 

„ breadth of th« ahrll along the binge lino It „ 

Thickness of the ventral valre ........ S'S „ 

Apical angle of the ventral v»l»e without the wing* .... .app- 116° „ 

Locality, number of specimens examined. — N.W. Kiunglung oncampimj 
ground, S.W. Niti Pass, 7. 

Bemarhs.— Chonetes Vishnu belongs to a group of strongly bilobed, striated 
forms, which make their first appearance in the mountain limestone of Belgium and 
Russia. The Belgian form 1ms been described by L. de Eoninok (Monographic 
des genres Productus et Chonetes, Liege 18-17, PI. XX, fig. 2, p. 206.) as Ch. variv- 
lata d'Orb. sp., the Russian by E. de Verncuil and Count Koyserling in Sir Roderick 
Murchison's " Geologic do la Russio d'Europo " (Vol. II, p. 242, PI. XV, fig. io 
d, e,f, non a, b, e,) as Ch. sarcinulata, Schloth. sp. Both identifications are equally 
wrong. Waagen {loc. cit. p. 681) suggested that this ancestor of the bilobed species, 
which in upper carboniferous and in pennocarboniferous strata become of very 
great importance, could, perhaps, be identified with tho Indian Ch. Vishnu. This 
view has, however, not been proved correct. My examination of tho Himdlavan 
species loads to the result that Ch. Vishnu cannot be classed among tho synonyms 
of the bilobed forms from the mountain limestone of Belgium and of Russia. The 
two species differ strongly both in the depth and shape of the sinus and by the 
shape of their profile. 

Another species, which Waagen is inclined to consider as a synonym of Ch. 
Vishnu is Ch. Flemingi, Norwood and Pratten (Notice of the genus Chonetes, as found 
in the Westerns State and Territories, Journ. Acad. Nat Sciences of Philadelphia. 
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III, 1855, p. 26, PL II, fig. 0). This American species is indeed very 
closely allied to the present one, although I do not feel myself justified in uniting 
the two under a single denomination. In Ch. Flcmingi tho sinus seems to bo a 
little wider and loss doeply out in. The ventral valve is more regularly convex, 
and not flattened towards the front margin, so far as one can judge from 
Norwood and Pratten's figuro (PI. II, fig. 5c). The cardinal edge is orna- 
mented by seven obliquely directed tubes on each side of the beak, whereas in my 
Indian specimens no tubes have been observed, nor has their prescnoe been men- 
tioned by Salter. Nevertheless I am ready to admit, that both species are most 
nearly related, although difference may exist in the internal characters of the 
ventral valve, which in Ch. Vishnu are yet unknown. 

Another species from tho coal measures of North America, which sooms, 
however, less closely allied to Ch. Pishnu, is Ch. verneuiliana, Norwood and Pratt on 
(loc- cit. p. 26, PI. II, fig. 6a, b, c). 1 Its ventral valve is more strongly convex* 
and its deep mesial sinus imparts to the front margin a much more distinctly 
bilobod outlino than in tho Indian species. A third remarkablo character 
of difference consists in the largo, rather prominent, and incurved beak of Ch. 
verneuiliana. 

Ch. Smithii Norwood and Pratton {loc. cit. PI. II, fig. 2, p. 24) and Ch. 
granulifera Owen (Geological Itoport of Wisconsin, Iowa and Minnesota, p. 683, PL 
V, fig. 12)* which among the American forms of the group of Ch. Pishnu might also 
be compared with our species, differ especially by their flat and indistinctly bordered 
mesial sinus. All these species are distinguished by tho prosonce of spines on the 
cardinal edge. 

Among the European species of this group Ch. uralica, Moller, is as nearly 
allied to our species, as Ch. Flemingi is among the American ones. Nikitin, who 
recently gave adequate descriptions of OA. uraliea (Depots oarboniffcres et puita 
artesiens dans la region de Moscou, Mem. du Comite" Qeol. do la Russie, Vol. V, No. 
5, St. Petersbourg 1890, p. 162, PI. II, fig. 5, 6, 7, 8, 9), asserts, that Moller's 
species and Ch. Flemingi differ only in the internal characters of their valves, 
provided tho figures in Norwood and Pratten's memoir aro correct. Thus my 
remarks regarding the closo relationship betwoen Ch. Pishnu and Ch. Flemingi 
equally apply to Ch. uralica. 

From the upper carboniferous strata of the Carnian Alps in Carinthia two 
species of Chonetes, belonging to the group of Ch. Pithnu have been described by E. 
Schellwion (Die Fauna des karnischen Fusulinenkalks, Palaeontographica 39. Bd. 
1892). Among them Ch. latesinuata, Schellw. (loc. cit. PL I, fig. 4—7, p. 30), is 
easily distinguished by its broad, triangular sinus, which widens out considerably 
towards the front margin. The second form, Ch. lobata, Schollw. {loc. cit. p. 29, PL I, 
fig. 1—8), is provided with a median fold in the bottom of its triangular mesial sinus, 
and in this respect resembles Ch. lissarensis, which will be described hereafter. 

' Vide : if ah and Sayde*, Final Report of the C. 8. Geological Surrey of Nebraska, Washington, 15*2, p. 170, 
PI. I, fig. 10. 

' Ckonttet mwcroMia Meek and Haydon. Bet Otinitt, Oarbonfomalion und Drat in K to rail a, Dresden , 
1B66. Tab. IX, fig. 12-U, p. 68, and H»,k and Ho 3 <U», Pioal wport, etc, p. 170, PL IV, fig. 9, pi, VI, fig. lo, 
PI. VIII, fig. 7. 
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Among the Indian congeneric species CA. compreasa has been placed in the 
group of CA. Vithnu by Waagen (loe. tit. p. 630). It is however, according to the 
statement of this learned author, easily distinguishable from all the rest of the 
sinuated forms, " by its smooth wings and by the comparatively large spines, that 
are clustered together in the centre of the ventral valve." From CA. Vishnu it differs 
moreover strongly by its much lower mesial sinus. 

Chone/et austeniano, Davidson (Notes on the Carboniferous Brachiopoda, col- 
lected bv Capt. Godwin Austen in the Valley of Kashmore, Quart Journ. Geol. Soc. 
London, XXII, 1866, p. 44, PL II, fig. 18), from the Zewan bods in the Kashmir 
valley is too incompletely preservod to allow any comparison with Ch. Vithnu, 
although it seems to belong to the same group. 

From the pormocarboniferous rocks of Spitzbergen a small species of 
Chonetea has been described by F. Toula, which apparently belongs to the group of 
CA. Vishnu. This author considers it to be a varioty of CA. verneuiliana, Norw. and 
Pratt., and especially remarks that it agroos perfectly with CA. Flemingi in the 
arrangement of tho puncta. 

Through tho kindness of Director Fuchs I have been enabled to examine Toula's 
typo specimen from Axel Island (Pcrmo-Carbon-Fossilien von dcr "Wostkuste von 
Spitzbergen, Neues Jahrb. f. Mineral, 1875 p. 231, Taf. V, fig. 4.), but it is too 
badly preserved to allow any comparison of the minor details in the Indian and 
Spitzbergen fossils. The type specimen of Toula's CA. verneuiliana var. SpiUbergiana 
from the Ilornsund, which has been described and figured by this author in his 
memoir " Kohlenkalk-und Zechstein-Fossilicn aus dem Hornsund von der Sudwest 
kiiste von Spitzbergen" (Sitzgs.-Bcr. Kais. Akad. d. Wise. Wien, LXX, 1874, 
p. 17, Taf. I, fig. 10) is unfortunately not available to me for comparison. There 
can bo no doubt, that according to Toula's figure this shell is extremely similar to 
our Indian species, and I must confess that, although I am not quite prepared to 
assert positively that both are identical, I should ho at a loss to distinguish them 
without having Toula's specimen at hand. I may still add, that Toula's description 
might bo applied, word for word, to CA. Vishnu, and that in his specimen as in my 
Indian ones, no tubes have been observed along the cardinal edges. 

The true CA. Vishnu has not been found outside the Himalayan district of 
Painkhanda, but its nearest allies are among tho loading fossils of upper carboniferous 
permocarhoniferous and permian strata. Although bilobed forms of this group 
make thoir first appearance in the mountain limostone, the typical species, which 
arc characterised by a deep mesial sinus, do not descend into beds of lower carboni- 
ferous age. CA. uralioa occurs in the topmost carboniferous beds of Russia (Gshol- 
stage) and in tho permocarhoniferous Artinsk stage. 

The age of the beds with CA. Flemingi has not been determined by the authors 
of this species, but it has been fixed by latter observations as permocarboniferous 
or even permian. A similar age probably ought to be attributed to the beds with 
CA. spitzbergiana. 
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2. CHONETKS LISSAIt EN8IS, nOT. 8p. PL II, fig. 4, 6. 

This species, which is vory nearly allied to the former, is one of the most com- 
mon loading fossils of tho Product us shales of the Lissar valley, where rock speci- 
mens are frequently mado up ontirely hy the casts of its shells. 

Prom Ch. Viahnu the present species differs especially by its trapezoidal outline 
with rounded-oil margins, by tho less strongly curved profile of its ventral valve, 
and by slight differences in its sculpture. It attains larger dimensions than Ch. 
Pithttu. The area seems to be smallor than in tho latter form, although this cannot 
bo ascertained on account of the impossibility of getting complete specimens out of 
tho very tough matrix. The mesial sinus is cut in very sharply and is deepest in the 
visceral part of the ventral valve, but disappears almost completely in the vicinity 
of tho front margin. In the majority of well preserved specimens a narrow median 
fold is observed in tho bottom of tho sinus. But the presence of this median fold 
is certainly not common to all the shells of Ch. litsarensit. This variability of 
the species may perhaps induce palaeontologists to separate its two varieties under 
proper specific designations, but as the median fold is always small, and as transi- 
tional forms exist betwoen the two types, I deemed it preferable to allow them to 
remain in the same species. 

In spite of tho large number of specimens, collected by Griesbach, not a single 
ventral valvo with its shelly substanoo preserved has como to my notice. The orna- 
mentation of the cast is different in tho visceral and marginal portions of the valvo. 
Tho visceral part is almost smooth, covered with very delicate striae only, with 
puncta disseminated along with them, which are barely porcoptiblo without a magni- 
fying glass. In the vicinity of the margins, especially on tho wings, tho strias 
become more distinct, and aro interrupted by doop grooves, which are, as a rule, 
directed towards the margin of tho shell. 

The dorsal valve is distinctly concave and depressed along tho hinge line. Its 
uneven surface does not exhibit any indication of a varix, corresponding to tho mesial 
sinus of the vontral valve. Tho ornamentation of tho sholly substance consists of 
very numerous, wavy furrows, many of which are formed by bifurcation. They are 
not interrupted by grooves, as in Ch. Pithnu, but small puncta only are placed 
between them occasionally. The cast of tliis valve exactly agrees in its orna- 
mentation with that of the dorsal valve in Ch. Vithnu. It is covered all over with 
thin strUc and with a very largo number of granulations. 

The measurements of tho specimen, PI. II, fig. 4, are as follows :— 

Entire length of the •hell IM mm. 

a bmUk ., ,. ,. nlongUw hinge lino 17*5 

Thick new of thr Ti'Otlal vu'.rf 3'5 

Apicnl angle „ „ „ withoat the win^'i .... »w>. 115° 

Of the internal characters of this speeies nothing is known to me. 

D 2 
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Locality, number of ipeeimetu examined. South of Dharma No. XI, Lissar 
Valley, Johar, 15. 

Kemarkt.— This species approaches Ch. lobata. Schellwien (Die Fauna des 
Karnischon Fusulinen-Kalks, loo. eit. p. 29, Taf. I, fig. 1-3) among the European, 
and Ch. mesoloba, Norwood and Pratton (Journal Acad, of Nat. Sciences, Philadel- 
phia, III, 1865, p. 27, PI. II, fig. 7) among the American species of the group 
of Oh. Vishnu in the well marked tendency to develop a median fold in the 
bottom of the mesial sinus of the ventral valve. In Ch. meaoloba this median fold 
is, however, much larger, filling out the mesial sinus almost completely. 



Subfamily : PRODUCT1NJE, Waagen. 

Genus : PRODUCTUS, 8owerby. 

The genus Productut takes rathor an important part among the fossils of the 
Productus shales, as the name chosen by Griesbach for the designation of the 
permian bods in Johar and Fainkhanda clearly indicates. There are five different 
species, which can be attributed to this genus. Among the sections or subdivisions of 
Producti, established by L. do Koninck, two only are represented among these species, 
eta., the groups of Fimbriali and of Spinosi. 

Thus we arrive to tho following grouping of the permian Producti in Griesbach's 
Himalayan collection :— 

L Ssctiox FIMBRIATI. 
(ft) Group of P. Pordoni, Dav. 
1. Productut Purdoui, Dav. 

(b) Group of P. II umbo lot j, Orb. 
«. Productut gtuoeticut, noy. sp. 
8. Productut cf. teriaiit, Waagno, 

II. Siction SPINOSI. 

4. Productu* cf. Cancrini, Vera. 

6. Productut caucriui/ormit, Tuchern. 

All the species of this genus, hitherto described which occur in the Productus 
sliales of Gurhwal and Kumaon, are in other countries restricted to beds of permo- 
carboniferous or permian age, with the excoption of P. cancriniformit, which in 
single specimens descends into upper carboniferous strata. 
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I. Section : FDIBRIATI. 

a. Gkoup of PRODUCTUS PURDONI, Dav. 
L Pboduotds Pobdoni, Davidson, PL II, fig. 1 a, b, c, d, fig. 2 a, b. 

1MS2. Praductut Purdoni, David«en, On com* carbon if »rooj bra:hiopoda, collected in India by A. Flaming 
and W. Pnrdoo, Quart. Jouro. OeoL 6oc., London, XVIII, p. 31, PL II, fig. S. 

1863. Prodmftut Pmrdomi, David-ma, in L. do Koninck. Vim. nirlca fonilol paMoxoiaoea, reoeuiUia dan* 
l'lodo, PI. XII. fig. 6, p. 88. 

1884. P. /Woni, Waagon. Salt Range Foa..U, PaL Indioa, Productu. Uneaten* Foa.il., aer. xiii. I, 
p. 706. El LXXIII, fig. 1-3. 

This is one of the most characteristic species of the Salt Range Productus lime- 
stone formation. It has been mentioned by Salter among the fossils collected by 
Strachey in the Productus shales of the Painkhanda district, but I do not believe 
Salter's determination to be correct, the fragment, which he identified with Productua 
Purdoni belonging most probably to' P. gangeticua. Nevertheless the true P. Purdoni 
occurs in the Productus si. ales of tho Himalayas. In Griosbach's collections 
from Kiunglung encamping ground near tho Niti Pass the species is represented by 
a number of casts, which, although not entirely preserved, agree very well in their 
essential character with Davidson's and Waagen's type specimens. I have less 
hesitation in identifying them with P. Purdoni, as Professor Waagen, who kindly 
examined my Himalayan fossils, likowiso considers them identical with Davidson's 
species. 

There are only ventral valves in Griesbach's collection. They are moderately 
inflated, much as P. Abieki or in P. gangeticua, but nearly all of a larger size, some 
even considerably larger. They are longer than broad, and by this character even 
strongly weathered casts may be distinguished at once from the two above mentioned 
species. 

The greatest breadth of the shells is Bituated in the lower part of thoir length. 
The hinge line is always considerably shorter than tho greatest breadth of the valve, 
but in none of my specimens is it as short as in Davidson's type specimen or as in 
Waagen's strongly sinuated variety from Bilot {loo. oil. PL LXXIII, fig. 3). In this 
respect my specimens closely resemble Waagen's type specimen from the upper 
Productus limestone of Musakhel (PL LXXIII, fig. 2), but their wings are 
extremely small and not distinctly defined. 

In one of my specimens the hinge line is arched, as in Davidson's type speci- 
men. The margins are well roundod. Tho median sinus is broad but not very deep, 
although it extends, as a rule, to the front margin of tho valve. 

The apex is not well preserved in any of my valves, both the shelly substance 
and even the oast in part being strongly weathered. Thus its pointed, strongly 
incurved shape could not bo observed. The beak seems to overhang the hinge line 
slightly. 

In one of my specimens radial plications are noticed, as in Waagen's specimen 
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from Musakhel (PL LXXIII, fig. 2). These indistinct and broad folds are only 
developed in the lateral parts and in the vicinity of the front margin. No 
median fold has heen observed in the bottom of the mesial sinus. 

Very little of the beautiful sculpture, which has beon oxoollontly doscribod by 
Davidson and Waagon, is to bo seen in my specimens, all of which are casts and 
more or less deteriorated by weathering. In tho specimen, figured PL II, fig. 2 b, 
however, a small fragment of the shelly substance has been preserved in the vicinity 
of tho apical region. Its ornamentation exhibits a vestige of tho quincuncial 
arrangement of the flat tubercles, which in perfectly preserved shells produces a 
cross lineation of the surface. Tho visceral part of the oast is covered with round- 
ish, shallow grooves, or, where it has been attacked by weathering more deeply, with 
delicate, longitudinal furrows. A comparison of Waagen'B and my own figures will 
give a bettor idea than a detailed description of the similarity in the ornamentation 
of casts from the Salt Range and from the Himalayas. In tho vicinity of the 
margins the tuberculatum becomes extremely delicate. 

In one of my specimens the interior characters of the valve are pretty well 
sculptured on the intornal cast (PL II, fig. 2 a). Tho impressions of the cardinal or 
divaricator muscles form flat trapezoidal prominences, covered with deep, strongly 
marked furrows. The impressions of tho adductor or occlusor muscles are not 
distinctly visible, but the narrow median ridge dividing them longitudinally is 
clearly indicated. In general the internal characters of tho ventral valve do not 
i to differ much from those of P. Abichi. 

Tho measurements of my smallest specimen (PL II, fig! 1) are as follows : 



I of the aboil in > arraigbt lino 51 mm. 

p „ ,. „ along the curv* 80 „ 

flrxitiet breadth of the ahetl 46 „ 

Length of tin hinge lino 32 „ 

TWknea. of the Teutnl Talye 23 „ 

Locality, number of specimens examined,— Tt.W. Kiunglung encamping 
ground, S.W. Niti Pass, t. 

Remarks. — P. Purdoni has not yet been detected in any deposits of older 
titan permocarboniferous or permian age. It is quoted by Wynne and Waagen 
from the upper division of the Salt Range Productus limestone. The oldest specimen 
has been collected in beds near the limit between the middle and upper Productus 
limestone, whereas tho youngest specimens are met with in the topmost beds, 
immediately below the Coratito formation. Tschornyschew (Mem. du Oomitfi 
Gobi, de la Russie, St. Petersbourg, 1889, III, No. i, p. 373) mentions the 
spocics from the Artinsk deposits of Podtschorem, Yomasch-Kirta and Kirta-Warta, 
whoro it has been collected by Hofmann in largo numbers together with P. 
tenuisirialus, Vcrn. 

Waagen considers P. Purdoni as an isolated form, which, as regards the peculiar- 
ities in its sculpture and shape, cannot be affiliated directly to tho group of 
P. Humboldti. There is only one species of Productus, to which the present form is 
very nearly allied. This is P. Payeri, Toula (Kohlenkalk und Zechstein-Fossilien 
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aus dcm Hornsund, oto., Sitzgsber. Kais. Akad. dor Wiss. "Wien, LXX, 1874, 
p. 277, Taf. IV, fig. 1-3) from tho permociarbonifcrous rocks of Spitzbergen. 

It is true, that noither from Toula's figures nor from his description is this close 
relationship very conspicuous, but with Toula's specimens of P. Payeri at hand 
for comparison, the similarity to P. Purdoni is most striking, and there can be no 
doubt, that the two species must be placed in the same group. 

In the Spitzbergen species the mesial sinus is, as a rule, deeper than in 
P. Purdoni, but in one of Toula's specimens it is exactly of the same size as in my 
Himalayan specimen figured on PL II, fig. 2. Tho ornamentation of the cast and 
of a fow fragments of tho shelly substance agrees equally well. In one cast radial 
plications are indicated near the lateral and front margins. The internal structure 
does not seem to differ from that exhibited by P. Purdoni. In Toula's specimen 
figured on PI. IV, fig. 2 of his memoir, tho dendritic impressions of the adductor or 
occlusor muscles are rather broad, but in a second specimen the spaoe, which is left 
for the adductores between the trapezoidal impressions of the cardinal muscles, is of 
exactly the same size as in my Indian form. 

One essential difference only makes the distinction of the two spocios easy. 
This is the length of the hinge line, which in the Spitzbergen species either corre- 
sponds to the greatest breadth of the shell or is but little inferior to the latter. It 
must however bo stated, that with regard to the length of its hinge line P. Purdoni 
varies considerably. The importance of this character consequently ought not to bo 
overrated, although it may bo found very convenient for maintaining P. Purdoni 
P. Payeri as separate species. 

The occurrence of a species, so closely affiliated to the characteristic P. Purdoni, 
which has been considered hitherto as an isolated form among the Product i fimbriati, 
in tho permocarboniferous rocks of Spitzbergen is of high geological interest. 

6. Group of PRODUCTUS HUMBOLDTI, Obb. 
2. PaODtJCTtJS gangbticus, nov. sp., PI. I, fig. 1 a-d, fig. 2, PI. II, fig. 3. 

1868. Product.* P.rdomi, SaHor, PaleontoJofy of Kiti, Mo, p. 63, PI. V, fig. 10. 

1895. P. Abieki (Waa«.i>).Die««, Denkaobr. Kail. Akad. d. Wiaa. Wien. Math, nat CI.. LXJI, p. 695. 

The determination of the present species has given me much trouble. At 
first I was inclined to unite it with P. Abiohi, the well known 8alt Range 
species, which has been excellently described and figured by Waagon (Salt Range 
Fossils, Pal. Indica, Prod. limestone fossils, ser xiii, I. p. 697, PI. LXXIV, 
fig. 1-7). The examination of its dorsal valve, and especially of its internal 
characters, however, convinced me, that it must be considered as a distinct species. 

The ventral valves (PI. I, fig. 1 and 2) are very similar to P. Abieki, both in 
shape and sculpture. They are moderately inflated and broader than long. But, as 
a rule, the difference between the length and breadth of the shell is considerably 
smaller than in the majority of Waagen's specimens of P. Abichi. The hinge Una 
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is shorter than the greatest breadth of the shell. The apox roaches almost down to 
the hinge line. The beak is strongly bent in and not very prominent. In the 
specimen PI. I, fig. 1, no area is developed, but in the specimen fig. 2 a small area 
of more than one millimetre in breadth is distinctly dofinod along the hinge line. 
It is provided in the middle with a large deltidial fissure. This is again one of the 
numerous instances of species, belonging to tho group of P. Rumboldti, being 
eventually provided with a small area, as it is mot with in the genus Strophalotia. 
But the point 6f attachment on the apex of the ventral valve, which is the most 
striking character in the true Strophalosim, is entirely absent in all tho Producti 
of this group. 

The general outline is transversely oval. The lateral margins aro woll rounded, 
uniting with the hinge line in an obtusely rounded-off angle, which is nearly 
rectangular. The curve of the ventral valve is tolerably regular in the longitudinal 
direction as far as its visceral portion. Near the limit of the visceral and frontal 
portions however a more or less distinct goniculation takes place. This geniculation 
marks the commencement of tho trail. Transversely the curve descends rather 
abruptly from the flatly arched visceral part to the lateral margins. In tho spocimen 
PI. I, fig. 2, the modian sinus originates close to tho apex, and is comparatively 
deep, as in "Waagen's specimen of P. Abichi, figured on PI. LXXIV, fig. 2, of tho 
Salt fiange Memoir (VoL I). In my other specimens the sinus is more shallow, but 
in all of them it extends as far as the front margin. 

Tho wings aro very small, indistinctly limited off, and barely flattened. 

In the sculpture of the shell, tho difference between tho visceral and marginal 
portions is very conspicuous. Tho coarse and elongated tubercles in the visceral 
part of the valve are towards tho lateral and frontal margins replaced by much 
smaller, roundish spines, wliich aro clustered together very closely. The shelly sub- 
stance is extremely thin, scarcely more than ono half millimetre in thickness. The 
sculpture of the cast is less distinctly marked. Where the interior cast is perfectly 
unhurt, as in the specimen fig. la, the elongated tubercles are yet visible, but where 
its surface has been subject to weathering, sharp, longitudinal grooves appear 
instead of them. Along the margins the cast is covered with small, pustule-shaped 
granulations. In one of my spocimons a few concentric stria? of growth aro faintly 
indicated in tho vicinity of the wings. 

In general the sculpture of this valvo approaches very nearly that of P. Abichi. 
The arrangement of the tubercles is almost absolutely identical, and the only point 
of difference is the somewhat smaller size and larger number of the single tubercles 
in the visceral part of the shell. But oven in this respect my specimens do not differ 
remarkably from the specimen, described by Geheimrath Abich 1 as P. teabrkulus 
from the permian rooks of Djulfa. 

The dorsal valve is flatly convex with a slightly vaulted apical region. A 
broad, median fold, originating in the apex and reaching down to the front margin* 

' B. Ahich, Qaalsgiaoba Fowhnnjren in dan Kaokuiachen Liaitm. I. TV Eiae B«tgkalkfauna »u» der 
Ar^a. Boga bai Djonlfa. Wiw, 1878, p. $8, T.f. V, fig. 3. 
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corresponds to tho mesial sinus of the ventral valve. The lateral margins are quite 
flat Tho wings are slightly excavated and bent up along their margins. 

In its general shape this valve differs considerably from the dorsal valve of 
P. Abichi, which is provided with a distinctly excavated apex and with two broad 
lateral folds besides the median fold. It approaches more nearly the dorsal valvo of 
P. Purdoui, Da v., in which the apical region is also slightly raised. A chief differ- 
ence consists, however, in the concave shape of the whole valve in consequence of its 
margins being bent up moro or less strongly, whereas in P. gangetieut the dorsal 
valve is distinctly though flatly convex. 

The sculpture consists of very numerous little grooves, between whioh small 
erect spines are occasionally intercalated. A concentric folding is moreover faintly 
indicated. On the external cast (PI. II, fig. 3) small, elongated, club-shaped 
tubercles correspond to the grooves in the shell. 

The internal structure of the dorsal valve is rather remarkable. It U tolerably 
well exhibited in two of the specimens, figured on PI. II, fig. 3. 

The oardinal process is bipartite and is laterally supported by two horizontal 
ridges, extending along the hinge line. These two ridges have not been represented 
in the figure with sufficient distinctness. Although they are far inferior in strength 
and size to the corresponding ridges in P. Abichi and in P. terialit, Waag., they 
are clearly visible in my type specimens. Tho cardinal process is continued on the 
inner side by two stout, diverging ridges, which extend probably for about one 
third of tho visceral part of tho valve. Between these two ridges a sharp, blade-like 
median septum is developed, which apparently extends as far as the visceral portion 
of the valve. In some of my specimens an angular ridge, which is thickly set with 
roundish spines, distinctly marks off the edge of the visceral part from the trail. 

The internal struoture of the dorsal valvo of P. gangeticut differs widely from 
that of other species of the Humboldti group. The Producti of this group from 
the Salt Bange, so far as their internal characters are known, vit., P. Abichi, and 
P. $erialit, are distinguished by a trifid cardinal process, which is continued 
interiorly into a median septum. Tho bipartite character of the cardinal 
process, as it has been obsorved in P. gangeticut, recalls the genus (or subgenus) 
Productella, Hall, and among the geologically younger species of Producti, of P. 
Cancrini, Vorn.' and of P. tibetiou$ Freeh., from tho permian or permocarboniferous 
limestone discovered by Bogdanowitsch near tho Gussass River in the Western 
Kuon-Lun Mountains. 1 

The measurements of the specimen figured PI. I, fig. 1 with partly preserved 
trail, are as f ollows : — 



Length of the ihtll in *, ittaignt line 44 mm . 

„ ,. ,. „ along the carve 7i „ 

Greatest breadth of the shell 4S „ 

Length of the hinge line app. 42 „ 

Thklcnew of the Teottal Tilre 24 „ 



' Vid4 MM* Djm. Taf. XVI 1 1, fig. 22a, p. 101. 

• F. fYtck, BrashiopoaVnltalke v«n Flow. Qcwm.; in B. 8u*.., BeUrage tor Stratigram Central-Aiieoe 
Daokachr. kaie. Akad. d. Wis*, Win, math. Mt. a, LiL, 189*. p. 454, fig. 10. 
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The measurements of a dorsal valve (PL I, fig. 3) are as follows : — 

Length of the (bell in » atratght lino . 31 mm. 

■ n ■ „ along the enrro ill , 

Greatest breadth of the ahcll 14 . 

Length of the hinge line 89 „ 

Thicknens of the dorsal t»1t« . . ...... app. 6 „ 

Since the examination of tho internal structure of the dorsal valve has con- 
vinced me of the necessity of a specific distinction between Productus gangeticus 
and P. Jbiehi, I have oomo to the conclusion that tho larger size of my specimens 
may serve as a valuable character of difference, if one has to deal with ventral 
valvos only. P. Jbiehi is always smallor than the present species, Waagen's largest 
specimon of hLs Salt Range form, with a length of 34 nun. corresponding to a breadth 
of 42 mm., remaining somewhat behind my smallest specimens of P. gangeticus. 

Locality, number of specimen* examined.— it. W. Kiunglung encamping 
ground, S."W. Niti Pass, 11. 

Remarks.— It is obvious from the preceding description that tho present species 
cannot be identified with P. Abicht, in spite of the misleading similarity of the ven- 
tral valvo. Chief points of difference are the convex shape and tho remarkable 
internal structure of tho dorsal valve in P. gangeticus. To these may bo added as 
minor differences the larger size and the more numerous but less coarse tubercles in 
the ventral valve of the Himalayan species. "Whether the presence of a trail con- 
stitutes a character of difference, I am notable to assert. In P. Abichi, it is true, no 
trail has been obscrvod by "Waagen, but in tho very nearly allied P. serialis, "Waagen 
(he. cit, PI. LXXIV, fig. 8, PI. LXXV, fig. 1, 2, p. 700), the presence of a trail is 
noticed by this learned author. Thus the absenoo of a trail in Waagon's specimens 
of P. Abichi may after all only be due to thoir state of preservation. 

With other species of the Humboldti group I scarcely need oompare P. gangeti- 
cus. I may only call attention to the fact, that, with regard to the sculpture of the 
ventral valve, it somewhat approaches the true P. Bumboldti, d'Orbigny (Voyage 
dans l'Amerique Meridionale, Paleontologie, III, 4 partie, p. 64, PL V, fig. 
4, 7) and P. Waageni, Rothpletz. 1 As has been stated in the foregoing description, 
the tubercles are more numerous but less coarse than in P. Abichi, although the 
character of the ornamentation is yot more similar on the whole to that of P. 
Abichi than of any other species belonging to tho group of P. Humboldti. 

The fragment of a Productus in Strachey's collection, which Salter identified 
with P. Purdoni, Dav., is too imperfoot to allow any exact determination. It pro. 
bably belongs to P. gangeticus, not to Davidson's species. 

Another speoies of this group, which has boen hitherto erroneously identified with 
P. Eumboldti, Orb., is represented by the specimen, described by P. Toula in his 
memoir " Kohlenkalk-Fossilien von dor Sudspitze von 8pitzbergen (Sitzungsber. Kais 
Akad. cL Wiss. Wien, math. nat. cl., LXVIII, 1873, p. 282, Taf. II, fig. 3). 

1 Bathplett (Die Perm, TiLw-aud Jur&foiitation anf Timor und Rotti, IVji'O'ntoBTapliica, XXXIX, 1892, p. 77) 
■signed this nam* to tho Indian ipseiee, arhioh baa been identified by Waagen (toe. tit. p. 69 J) witn P. HumColdti, 
Orb. Nikitin (Mono, da Com. Ueol. de la Kntaie, St Ptftersboorg 1890, V, Mo. 6, p. 169) likewise refused to identify 
the Indian and Russian P. Humboldti with d'Orbigny'i South American ipeoiea. 
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This species, to which a new denomination will have to he assigned, differs from 
d'Orbigny's type species as well as from the Russian P. Sumboldti, Keyserling 
(Petschoraland, loc. eit. p. 201, Taf. IV, fig. 3) and from P. Waageni. The tuberoles 
are strongly elongated, much more numerous and clustered together quite closely, 
without exhibiting an equally regular quincuncial arrangement. The difference in 
tho ornamentation of the marginal and visceral portions of the ventral valve is less 
distinctly marked, than in P. Sumboldti, and considerably less strongly, than in 
P. Waageni, P. serialis, P. Abichi or P. gangeticus. Concentrio plications are dis- 
tinctly developed in tho lateral parte, but do not extend to the middle portion of the 
ventral valve. 

This fact is of some interest in connection with the goological distribution of 
P. Sumboldti, as it seems to prove that the true P. Bumboldti is entirely confined 
to carboniferous deposits, whereas it is represented in geologically younger strata by 
other forms, which although belonging to tho same type, are yet specifically distinct. 



3. Pkoductus of. serialis, Waagon, PL I, fig. L 

1884. JW«<«# lerialit, Wugmi, Salt lUngs Po*»il», P*la>ootoloiti» Iodic*. Prodnotoi limMtono Pof«il* 
«r- liii. I, p. 700. PL LXXIV, fig. 8, PL LXXV, fi K . 1.2. 

Tho materials of this speoios in tho Himalayan collootion are so insufficient that 
tho determination itself can only be admitted as provisional. 

The incomplete fragment of an external cast of the dorsal valve, which servos 
for description, exhibits an ornamentation similar to that of P. serialis. The entire 
valve must have been of a comparatively largo sizo, scarcely less than to mm. in 
length, and 65 mm. in breadth. That it cannot belong to a variety of the preceding 
speoios (P. gangetious), is proved by its distinctly concave Bhape, a character, which 
is common to P. Abichi Waag. and its allies. 

In tho sculpture of tlio cast two characters are most strongly marked, a very 
conspicuous difference in tho ornamentation of the central and marginal portions, 
and the presence of distinct concentrio folds. The central part of the cast is covered 
with coarse, elongated tubercles, which are club-«hapod and quinouncially arranged. 
In tho marginal belt the tuberoles are much more numerous, smaller and roundish. 
The shell must have been covered by corresponding pits in tho marginal, and furrows 
in the visceral portions. 

In comparing this fragment with P. serialis, I am well aware, that it does not 
agree with the latter in every respect. But Waagen's species itself has been founded on 
three specimens only, which deviate from each other by certain peculiarities in their 
sculpture. As the differences between Waagon's specimens themselves are barely 
loss remarkable than thoso botwoen them and my fragment, I deemed it best to leave 
tho latter with P. serialis, which is altogether a more loosely defined species, as lias 
been admitted by Waagun, than others belonging to the genus Productus. 

Locality, number of specimens examined.— N.W. Kiunglung encamping 
ground, S. W. Niti Paas, 1. 

■ 9 
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Remarks. — Productut $eriali$ is quoted by Waagen from the Cephalopoda beds 
of the uppor Productus limestone (Jabi beds). Although my fragment is not 
directly identical with this species, it may be worth mentioning that its nearest ally 
has as yet only been found in beds of permian age. 



II. Section: SPINOSI. 
4. Productus cp. Cancbini, Vcrneuil, PI. I, fig. 6, 6. 

1842. Product* tpinotmt, Kutorga (non Bowerbj), Verh. kail, mineral. On. 8t. Petenbnrg, p. 18, 
pi. V. fig. 8. 

18*6. P. Cancrini, Vernenil, in MnrchUon, E. de Verneail et A. oomte de Kejetrling, Geologio de la Bonn 

d'Karope, Vol. II, Pal&mtologie, p. 278, PI. XVI, fig. 8, PL XVIII, fig. 7. 
1816. P. Cancrini, Kejwrtinn, Wmwniiehaftlicha Beobeehtnngen anf «iner Bum ia du PetwooraUnd, St. 

Peterabnrg, p. 205, Tef. VIII, fig. 7. 
1847. P. Cancrini, L, d« Koninck, Moor>graphie de* gram Productut et Chontttt. p. 105, PL XI, fig. S. 
1878. P. Cancrini, L. de Kooinek, foatelle* notieet ior lea fouila da Spitsberge, Batl. Acad. Borate d» 

Belgiqae , Vol. XVI, Pt. ii, p. 632, fig. 2. 
1858. P. Cancrini, Daridaoo, RrilUU forail Braehiopode, Pt. IV, Permian Braehiopoda, p 47. 
1881—62. P. Cancrini, Geioiti, Dthi, p. 101, T»f. XVIII, fig. 22—27. 
1866. P. Cinerini, Geioiti, Carbonfannation nod Djae in Nebntiko, p. 61, Tub. IV, fig. 6. 
1872. Product** jierlenuu, Meek and Hoyden, pro part*, Final Beport of the U. S. Geological Satvev of 

Nebruka, p. 164, PL I, fig. 14 (non PL VIII, fig. 91 

1874. P. Cancrini. Tonla, Kohlenkalk and SUeLrteicFcmilien an* dtm Honunnd an der S.W. Kaate ron 

Spitibirgra, Sitxgeber. Kail. Akad. d. Wiu. Wien. I.XX. Janibeft, p. 13, fig. 9. 

1875. P. Cancrini, Toola, Permo-Carbon-Foeeilieii von der Wettkdate Ton Spitibtrgrn, Kcnea Jahrb. f. 

Bin. 1S76, II. Bd, p. 261, Taf. VIII, fig. 7. 
1886. P. Cancrini, Tecbernyaehew, Der peroiiwlio Kalkttein in) Goorerneroent Kontrotra, Separatakdr. 
Verh. d. Kai*. HineraL GeaelWh. i. St. Petersburg 1884, p. 33, Taf. XVIII, fig. 87, 38. 

The materials of this species in the Himdlayan collection are too scanty to 
allow the determination to be made with accuracy. 

There are only two ventral valves available for description, and they are not 
completely preserved, the cardinal region having been broken off in both of them. 
They are not very strongly vaulted, and probably about as broad as long. A very 
flat mesial sinus is faintly indicated, as it is mentioned by Count Keyserling in the 
flat variety of this species, distinguished by the presence of a shallow sinus and by 
very elongated spines. The specimon PL I, fig. 6, is of the oblique 6hape, 
attenuated towards the apex, which is montioned by Verneuil as being frequently 
mot with in specimens of P. Cancrini. 

The most characteristic feature is the soulpture, which ogroos perfectly well 
with that in P. Cancrini. The surface is covered with numerous, delicate, 
longitudinal striae, which are frequently dichotomous and are interrupted by 
elongated, cylindrical spines. In the smaller specimon (PI. I, fig. 6.) this sort of 
sculpture is particularly well exhibited. In the visceral part there are about 20 strite 
in a space of 10 millimetres. The numerous, longitudinal spines are arranged 
qutncuncially. Their base is either formed by two separate stria; or by a single one. 
In general tho sculpture is exactly of a character, which has been justly compared 
by previous authors with a fur cape, trimmed with ermine tails. 
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This ornamentation points to a group of forms, which is represented by P. Icon- 
inckianut, Keyserling (Wissenschaftliche Beobaohtungen auf einer Seise in das 
Feteohoraland 1R76, p. 203, Taf, IV, fig. 4.) 1 in the oarboniferous and permo- 
carboniforous' and by P. Cancrini in the permocarboniferous and permian strata. 
Those two species resemble each other very closely. Among all the characters of 
difference, which have been enumerated by Count Keyserling, only one invariably 
holds good, according to Tschernyschew's opinion, and this is the shape of the 
dorsal valve. In P. koninckianut (= ? P. Villierti Orb.) the dorsal valve is 
regularly vaulted, whereas it is distinctly genioulated in P, Cancrini. 

As my specimens oonsist of ventral valves only, my determination must be 
based on a combination of the less characteristic points of difference which I quote 
from Keyserling's memoir. According to his description, P. koninckianut is smaller 
than P. Cancrini, as a rule not longer than 20 mm. and much more strongly vaulted. 
Its lateral parts are of a semicircular shape and its apical region is moro strongly 
contracted. The striie are more delicate and numerous. In the visceral part of 
the shell 20 striae may be counted to a space of 2 mm., and 4 between two spines 
of the same transverse row. My larger specimen is at least 25mm. in length. 
Both of my Bhells are moderately vaulted, their lateral parts are not . bent inwards, 
and the number of their stria? is only 5 in 2 mm., or 2 botween two spines of the 
same transverse row. I consequently prefer to identify my specimens with P. 
Cancrini, although only a very slight importance is attributed by Tschernyschew 
to all the above mentioned characters. 

Among tho section of the Produeti temiretlculati there is a small group of 
forms, which in their sculpture are similar to a certain extent to the group of P. 
Cancrini. Among them are especially P. Plemingi Sow., 3 and P. carbonaritn de 
Koninck (Prod, et Chon. p. 90., Fl. V, fig. I), to which my two specimens might be 
compared. One of the Produeti in Straohoy's collection has been considered by 
Salter (Palaeontology of Niti, p. 53, PI. V, fig. 11) as bolonging to one of these 
species, but Salter's figures arc absolutely insufficient for ascertaining tho accuracy 
even of the generic determination. I do not think that my fossils can be 
attributed to either of those two species, from which they differ by the absence of 
any concentric strhe, and by their elongated spines, whereas in P. earbonaritu the 
tubes are rather short and narrow. 

Another question still remains to be settled whether our specimons ought not to 
be attributed to Strophalotia mirritiona, King (A Monograph of tho Pormian Fossils 
of England, 1850, p. 99, PI. XII, fig. 18—32). As has boon remarked by King, 
Geinitz (Dyas, p. 101) and Toula, Strophalotia morritiana and Product*! Cancrini 

1 Ti'-\emytehtv (Dor penoiiche Kalkst*in rnn Kostroma, p. 34) ideatifiet P. koninckianut with P. TUlimi 
d'Orbignr (Voyage .Uni l'Ain4ri<|<ie Meridional*, Pale\>otologie, 1878, PI. IV, fig. 13, 14, p. 53). 

' Count K«r*rrling eontidered P. koninrkianut to be • oarboniferoui specie*. Tjolnirnyiichow, however, prorM 
the beda from which it h*i been collated in the Timen, to he of permoearbooiferout age (Travaui eiacnt«* an Tinieoe 
en 1889, Ball. Com. Geo), de la Route, Si. PeHeriboorir, IX, 1890, p. 83). 

He aleo quote* it from the p»rm<wajbonif«roa* dolomite limeatone horizon of the Central Ural (Mom. Com. OM. 
St. PeVnbourir, III. No. 4, p. 361). 

• L. d> Koninck, Monographic dee gearee Products et Ckonetu, p. 95, PL X. fig. 3 a, b, e— 1, fig. 3 h. 
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are much more nearly related to each other, than might bo supposed from their 
attribution to two different genera. According to Geinitz the distinction of young 
specimens is even very difficult. The apical region having not been preserved in any 
of my specimens, their most distinctive characters, viz., the presence of a point of 
attachment and of a distinct area, cannot be noticed. The only point I can 
insist on, is the absence of any concentric wrinkles in the sculpture of my shells, 
whereas in none of King's type spocimens of S. morritiana are concentric wrinkles 
or st nations entirely absent. 

There is yet another argument in favour of an identification of the present 
spocimens with P. Cancrini, and this is the fact that the genus Sirophahtia seems 
to bo altogether absent in the carboniferous and permian beds of the Himalayas. No 
Strophaloiia is mentioned by Davidson among Godwin- Austen's large collection of 
carboniferous fossils from Kashmir, nor is one single species of this genus contained 
in the rich fauna of Chitichun No. I of permocarboniferous age. This is a strong 
evidence against the probability of the present specimens belonging to Strophal<ma. 
I consequently deemed it preferable to identify them with P. Cancrini, although they 
are not sufficiently complete to warrant a certain identification. 

Locality, number of tpecimena examined.— N . W. Kiunglung encamping 
ground, 8.W. Niti Pass, 2. 

BemarkK—Productm Cancrini is among the most characteristic permian specie*. 
L. dc Koninck (1. c p. 107) oven compares it to P. gigantem in tho lower carbo- 
niferous regarding its geological importance. Murchison, Verneuil and Count Koy- 
serling collected P. Cancrini in the lower permian strata of Russia at a large number 
of localities. Tschernyschew mentioned it from the lower permian rocks of Kostroma. 
Geinitz quotes it from the Weisaliegende in Germany and from Marcou's stage Co II 
of his section at Nebraska city ; but this identification of the American species with 
the true P. Cancrini has not been left unopposed. It is moreover mentioned by L. 
do Koninck and by F. Toula from Spitsbergen (Belsund, Hornsund), where it occurs 
in beds of probably pormocarhoniferous age. It cortainly does not descend into car- 
boniferous strata, but its occurrence in pormocarboniferous deposits can scarcely be 
doubted. In the Artinsk stage of Russia wliich must serve as a prototype of the 
permocarboniferous horizon in Europe, the closely allied P. cancriniformu takes 
the place of P. Cancrini, but in the Timan the truo P. Cancrini has been collected by 
Tschernyschew in oolitic limestonos and marls, which correspond in age to the 
permocarboniferous limestone-dolomite horizon (C Pc) of the Ural, following there 
immediately above the Artinsk marls. 1 

In the Productus Limestone Formation of the Salt Range P. tumidut, Waagen 
(Salt Range Fossils, PaL Ind. ser. xiii, I, Prod. Limest. Foss, p. 708, PI. 
LXXX, fig. 1-3) Booms to bo a representative of tho Russian P. Cancrini. When 
introducing his Salt Rango species, Waagen placed it among tho section of the 
horridi, but considered its systematic position to be " to a certain extent doubtful." 

' Tk. r«c*«r» JC *«r, T.»f«Qi tifcutfc «u Tunane en 1689, Bull. Comity O&l. d«U Bowie, St r<W*»rg, 1SB0, 
IX. P . S3. 
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It was only after Tscbornyschew's paper on the pormian fauna of Kostroma had 
been published, that he was struck by the strong similarity of P. iumulut with the 
figure of P. Vancrini given by THchemysohew. «« The same wary lines "—he 
remarks — " the same irregular distribution of spines arc exhibited by both figures. 
Whether there exists, however, a real identity, I am not ablo to decide, as no authen- 
tic specimens of the Russian form arc at my disposal for comparison." 1 

To me an idonti fication of tho two species does not appear advisable. Waagen in 
his description of P. tumidtu states the dorsal valve to be deeply and regularly con- 
cave, whereas it is distinctly geniculate in P. Cancrini. Thus P. tumidut is brought 
into a similar relationship with P. Cancrini as P. koninckianus. That all these 
species are very nearly allied to each other cannot bo doubted. 

P. tumidut holds a geological position similar to that of P. Cancrini, having been 
collected in the Virgal and Kalabagh beds of the middle Productus limestone and 
in the Cephalopoda beds of the upper Productus limestone. 

5. Productus cakcrinifobmis, Tschcrnyschow. 
PL I, fig. 7 a— d, 8, 9 a— d, 10 a— d. 

1889. Prci»ct%$ camcrimifarmit, Tachernjiehew, Allgtmeinc jt*ologiaah« Karte too Ri-.n.Und, BUtt 199, 
IWhreibong Am (Vnlrnl-Umli and du Weetabhange*. Mrfmoiree du ComiK geologique de 1* 
Bnaie, St. PMerebosr*, III, No. 4. p. 378, PL VII, fig. 38, 83. 

189L P. Utirutntu, (Uovm) tar. Grieibach, Geologj of the Central Himalaya*, Hen. Geol. 8orv. of 

In,-., .. XXIII p. 121. 

1898. P. eatwriniformii, Schellwim, Die Fuu del Karniachrn Foiolinenkalka, PahwnLograpbioa, 89 Bd. 

p. 83,Taf. VHX fig. 20.21. 
189*. P. lilelieiu, Freeh, er pari*, in K. 9am, Beitrww Zur Stntigraphie Central- Aaiena. Drokashr. kui>. 

Akad. i. Wie*. Wien, LXI, math, nat CL p. 4SA 

This is the most common species of the present genus in the Productus shales 
near Kiunglung encamping ground, where slabs of rook are made up entirely of its 
shells, associated with Spirigerella Derbyi, Ohotutea Fithnu and Avioulopeoten 
hiemalii. 

Its dimensions are always moderate, and specimens as large as the one figured 
on PI. I, ng. 9 are exceptions. Its shape is extremely variable. Although most of 
my specimens are somewhat deformed, it is not difficult to reconstruct their proper 
outlines. They are, as a rule, longitudinally ovaL Specimens, which are a little 
broader than long, are rathor rare (fig. 10). Usually they are longer than broad, 
the disproportion in these two dimensions being sometimes very considerable. 

The ventral valve is more or less strongly convex, in some of my spocimons 
nearly spirally inrolled, provided with small auricular expansions, and with a 
short, barely prominent apex. The hinge line is always shorter than the 
transverse diameter of the shell. The lateral parts ascend very steeply, in some of 
my specimens quite perpendicularly from tho margins towards the highly elevated 
visceral portion. A median sinus is completely absent. The dorsal valve is dis- 
tinotly geniculate, as in the typical representatives of P. Cancrini Vera. 

» W. WM 3 e*, Halt Baoge Fo«iU, Pal. Ind, atr. iff, IV, Geological Boanlte, p. 198. 
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The sculpture differs from the ornamentation of the shell, cxhihited in P. Can- 
erini, by the presence of strong, concentric folds, which aro often undulating or 
wrinkled, and extend from the wings and lateral margins across the entire shell. 

The measurements of an averago sized specimen arc as follow :— 



Length of the •hell in » rtttight lin *J ' 

„ ,. . M »lo«.g the chit « 

m .. - hinge line " 

Thick™., of the vwtrtl t»1tb *" 

^brwdthofthe.bell 17 



So variable do the shells composing this species appear to be, that in spite of 
their striking similarity with the typical P. eancriniformi* I did not dare at first to 
identify them with Tschernyschow's species without materials of the latter available 
for comparison. I am therefore greatly indebted to Professor Tsohernyschew for 
having examined my type specimens (including the specimen from the Gussass 
River). He fully confirms their identity with his P. cancriniformu. 

" Your Indian specimens of P. cancriniformit "—ho writes— "do not differ in 
aDy way, according to my opinion, from our Artinskian form, although they are 
somewhat deformed and not so well preserved as our examples from the Ural 
Mountains. In all your specimens the wrinkled transverse folds are distinctly as in 
our Russian representatives of the spocies, and a row of thin and closely arranged spines 
is placed along the cardinal edge. Tho geniculate condition and sculpture of 
the dorsal valve agree perfectly well with that of the Artinskian species." 

Having obtained from Professor Tsohernyschew the loan of his type specimens 
of P. cancriniformit, and having compared them with my Indian examples, the 
result was, that I could perceive no difference in their cssontial characters, and I 
consequently fully agree with the opinion of this learned author in believing them to 
bo identical. 

Locality, number of tpecimens examined.— N.W. Kiunglung encamping ground, 
S.W. NitiPass. 

Remarks— The differences, which exist between the presont species and its near- 
est allies, have been described by Tschernyschew so excellently, that I have nothing 
to add to his valuable observ ations. 

P. canoriniformti is a very characteristic species of the Artinskian horizon in the 
Ural Mountains. Outside of Russia it has been mentioned by Schellwien from the 
Carman Fusulina limestone of the Krone, of upper carboniferous age. 

In Central Asia this species is represented among the fauna of the brachiopod- 
boaring limestone near the Gussass River (western Kuen Lun Mountains). One of the 
specimens collected by Bogdanowitsoh and identified by Freeh with Products tibeli- 
cus, which belongs to the geological collections in the museum of the Vienna univer- 
sity, agrees in every respect perfectly with my Himalayan specimens from the Produc- 
ts shales. It is the specimen, figured on PI. I, fig. 7 a— d. Whether P. tibetictu Freeh 
ought to be placed altogether among the synonyms of P. cancriniformit, I do not ven- 
ture to decide, as Freeh's type specimen {loo. cit. fig. 10) is not available to me for com- 
parison. To judge from the figure, I should think that tho difference in the outlines 
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is not in favour of thoir identity. Nevertheless P. tibeticui is certainly most nearly 
allied to P. eancriniformit. They agree both in their sculpture and in tho geniculate 
curvature of tho dorsal valve. Tho bipartito cardinal procoss in the smaller valve is 
also a peculiar feature of the group of P. Canciui.' Tho similarity with tho dovonian 
Productella Her mince, which has boon notioed by Freeh, is less conspicuous, although 
it cannot be denied. 

The occurrence of P. eancriniformit in the fauna of the Qussass River is not with- 
out interest. The limestones containing this fauna have been reported by Bogda- 
nowitsch t<> overlap unconformably aU the older bods including carboniferous strata 
with P. temireliculatut (horizon of P. Cora), but tho fauna itself has been consi- 
dered by Freeh as not adapted for any determination of its geological age. The fos- 
sils described by him are the following :— 

* 

Product*' Uietieut, Frecli. 
Strtptorl>)n<kui dijjieitit, Free h. 
Orthit nop. ip. ajf. i*Jica, Waafr. 
Martmia pLinoeonteta, Shumard. 

The last mentioned species passes in its typical shape from devonian into per- 
mian deposits. Tho rest of the species, which are now, exhibit oqually strong affinities 
to pcrmian as to devonian forms. The presenco of P. eancriniformit is therefore of 
considerable geological importance as it leads to tho conclusion that tho limestones 
of tho Gussass River must bo placed either very lugh in tho carboniferous series or 
more probably even on a level with the permooarboniferous or permian strata of 
other countries. 



Suborder: HELICOPEOMATA, Waagcn. 

Family: SPIRIFERID.H, King. 
Subfamily: DELTHYRIN.E, "Waagen. 

Genus.- SPIRIFER, Sowerby. 

Although representatives of this genus are not very numerous in the Himalayan 
Productus Shales, six different species may be distinguished among them. Of these 
six species only one has boon previously described, three are now to science, whereas 
the determination of the rest can only be admitted as provisional, regarding the in- 
sufficient materials. The majority of the species belong to tho group of Spiri/er 
fatdger, Keyserling. 

' ViJe GtiniU, Dja., TaP. XVIII, fig. 82 a, P . 10L 
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o. Gboc* Of SPIRIFER 8TRIATUS, Mabt. 
1. Spibifeb Rastana nor. sp., PI. Ill, fig. la, b, c, fig. 2. 

1895. Bpiriftr not. ip. *x. aff. Sp. Marteui Diener, Denkaehr. Kaia. Akad. d. Wi«. Wieo. math, nat. C!„ tXII. 

p. 695. 

Tho present species is rery nearly related to Spirifer Marcoui, Waagon (Salt 
Range Fossils, Pal. Indica, ser. xiii, Vol. I. Prod. Limost. Foss. p. 610, PI. 
XLVII), and it is only a matter of taste, whether the differences between them be 
admitted or not as sufficient for the distinction of two separate species. 

The Himalayan type specimens differ from Spirifer Hriatut Mart. (L. de 
Koninck, Faune du calcaire carbonifere de la Belgique, Annalos du Musee d'hist. 
nat. de Belgique, XIV, pt. G Bruxelles, 1887, p. 112, PI. XXIII, fig. 1, 2, 
PI. XXVII, fig. 1) by the same characters which induced Waagen to separate 
Sp. Marcoui from Martin's speoies. Thoir most conspiouous peculiarity is the 
deep sinus of the ventral valve. It is sharply impressed in the middle and 
limited on both sides by obtuse ridges or folds. Two or three similar, very broad 
and flat ridges or folds are distinctly indicated in the remainder of the shell. 

The radial striation is of exactly tho same character as in Sp. Marcoui. All 
the ribs are likewise crossed by strong, imbricating lines of growth at irregular dis- 
tances. 

Tho apical region of my type specimen is strongly corroded by weathering ; no 
exact idea of its shape can consequently be got. It is due to this circumstance 
only, that the apical angle appears to be so extraordinarily large in this specimen. 
Tho area is very broad, distinctly concave, and covered with horizontal strise 
intersected by numerous very delicate vertical lines. The triangular fissure is bor- 
dered by margins of nearly equal length, and is covered up by the rocky matrix. 
It can therefore not be observed, whether a jisoudodeltidium has boon present or not. 

Neither the dorsal valve, nor any of the internal characters are known to me. 

The measurements of a tolerably complete ventral valve from Ejunglung 
encamping ground (PI. Ill, fig. 1) are, approximately, as follows :— 



, length of the •bell 70 on. 

,. breadth ., „ ISO „ 

Thieknem of Uih ra]v« ......... app. 40 „ 

Breadth of the area 16 „ 

The only points of difference between Sp. Marcoui and my Himalayan speci- 
mens consist in the concave shape of tho area of the latter, and in tho presence of 
broad, shallow ridges or folds, following the direction of tho striae. By the 
prosenoe of theso folds a certain similarity is exhibited between our species and Sp. 
musakhelensis, Dav., and its allies. But this similarity is only a rather distant one, 
as in Sp. Banana the folds do not correspond to separate bundles of striae. From 
"Waagen's type specimen of Sp. Marcoui my specimen from Kiunglung differs, 
moreover, by its considerably broader area. But the breadth and shape of the area 
is a character of very small importance among the Spiriferida, and in many 
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species it varies so considerably, that it cannot be considered as being of any specific 
value. I only nocd to mention BittnerV detailed examination of the variability of the 
area in Spiri/erina (Mentzelia) Mentzelii, Dunkor, or among Himalayan species in 
Spiriferina Orictbachi* from the upper trias of Kumaon and 8piti. 

With regard to the broad th and shape of the area Sp. Havana absolutely agrees 
with Marcou's typo specimen of Sp. Jfarcoui (Geology of North America, Zurich, 
1858, p. 49, PI. VII, fig. 2, 2a.) from Pecos village (New Mexico), and with Sp. 
Marooui, Tsohernyschow (Mem. Com. Gool. de la Rusaie, St. PStersbourg, 18S9, 
III, No. 4, p. 3G7, PL V, fig. 5) from tho Artinskian doposits of the Central 
TJral. 

If nevertheless I think myself justiflod in considering the specimens from the 
Himalayan Productus shales as belonging to a distinct specieB, it is by reason of 
their particular sculpture, vis., the presence of folds, which are certainly absent in 
tho true Sp. Marcoui. 

Locality, number of tpeciment examined,— N. "W. Kiunglung encamping 
ground, 8. W. Niti Pass, 1 ; south of Dharma XI, Lissar Valley, Johar, L 

Remark*.— Among the materials collected by Payer in the permocarboniforous 
rocks of the South Cape of Spitzbergen and describod by F. Toula, which now belong 
to tho collections of the Imperial Museum of Natural History in Vienna, there 
aro two ventral valves, which must be attributed to Spirif* r Marcoui. On the 
labels attached to them they are marked as Sp. Wilczeki, Toula, but the true Sp. 
Wilczeki is a perfectly difforout species, as may be seen at once from a comparison 
of Waagen's type specimon of Sp. Marcoui with Toula's figure (Kohlenkalk-Fossili- 
en von dor Sildspitze von Spitzbergen, Stzgsber. Kais. Akad. d. "VViss. Wien, 1873, 
PI. I, fig. 3). In these Spitzbergen shells the deep sinus is not sharply impressed 
in tho middle, but rounded, as is likewise frequently the case in Sp. Marcoui. They 
agree very well with the latter species, from which they only diffor by their distinctly 
concave area, recalling in this respect my Himalayan Sp. Havana. 

The largo geographical distribution of forms, identical or very closely allied to 
Sp. Marcoui in beds of upper carboniferous, pormooarboniferous and pormian age is 
not without interest. 

b. Group of SPIRIFER FASCIGER, Koyserling. 

2. Spieifer mtjsashblensis, Davidson, PI. Ill, fig. 3, 4, PI. IV, fig. 1 a, b, 2, 

PI. V, fig. 1. 

1862. Spiri/.r UoonkkaUwi., D^tidwo ; Qwt. Joan. Geol. 803., London, XVIII, p. J8, PL II 

fig.*. 

1688. Sp. Mikhail,*™, (D»r.) ; L. do Konioek, Mdmoir. iur 1« f„»il„ r»l,5ozmque«, rwenUli. d»o» 
n.de,p.84.PLXI,6 K .2. 

1*65. Sp. MootakkMauU, Bejrich ; Cb,r ein. KahUnlnlk f.ttna Timor. AblWlgn. Kiiuigl. AWL d. 
Win. B«rfin, 1867. p. 77, Taf. I. fig. 7. 

* A. JJirtMr.-Bnehlopodw der nlpinm Triw. AblumJlgn. U. k. geol. IUdu.-AnM. Wi,n. XIV, 18»0, p ri. 

in. xxxiv, fig. l-as. 

' DeokKbx K»is. AUd. d WiM. Wi«n, 1806. nuth. a»t CL, LXII p. 568. 

f 2 
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1RB5. Sp. MvotalciaileHtit, Stolicika; G«.l -g'' *' •rctioiit aoroaa tl-e Himalayan Meontiiut. etc , Mi ni. Geol. 

Sorv.of India, V, PL Up. 27. 
1S6B. Sp. Mooiakkaiirntit, Ihvi.Ui n ; Qneri. Jonrn. Genl. Soe.. London, XXII. p. 41. PI. II. fig. . 
1873. Sp. ttriatui (Man.): Tool., txpartt, Ko»ilrtikalk-Fo..ili*n von der 6ud«piUe Ton S^itibergen. 

6it7«»l.er. K»i». Akad. d. 1V». Wien, math nat. U. LXVIII. r . 270. 
15.81. Sp. fiWewi*. K. Ma.tin ; Pi* Terst ( mernng.Iuhrend..n Swim.hto Timor.. Samrdlorg>o dei Uriel* 

KmUM in I*jd«n ( 1881-83, Hi. I (Beilriige «nr Oeologie 0.t.-A«ieiu und Aurtialienei. p. 41. 

T»f. II. fiit. 7,8. 

1S83. A>. J/w<.i*rW*»«V.W», S cn ; Salt Rmge Fo«U-, Pal. Indie, eer. liii, 1. Produetu. Limoetone- 
Fo«.. p. 512. PI. XLV. 

lt<92. Sp./atciger (Kej*erl.) ; Soh*lliri»n, »x part*. Pi* Fauna if karni>ch«n Forolinentalka I, Palroontogra- 

pl,io. Mi B.I.. p. 42, Taf. V, fig. 3, (m,t fig. 2). 
lMft Sp. M-tklittltMi: Rotnpleti; Pic P,Tin.-Tri, l a und Jura-Formation aof Timor on! Rotti, PaJieotito- 

graphic*. 39 Bil , p. 79, Taf. IX, fig. 1, 2. 

This is the commonest species of the genus Spirifer in tho Productus shale* 
of Kumaon and Gurhwal, but, strango to say, it is represented hy ventral valves 
only in Griesbach's collection. 

To AYaagen's excellent description of Sp. mutakhelentit I have hut very little 
to add. Among my specimens the one figured PI. IV, fig. 2, almost perfectly 
agrees with the typical form (IT. XLV, fig. 1, 2 in Waagen's memoir). That the 
variability of the species is rather great, may be clearly seen from a comparison 
of tho rest of my figures. In their chief characters, however, all my specimens 
agree pretty well among each other. As such characters, which pormit a pro- 
visional distinction of Sp. mu»ak!ielensis from its nearest allies, I consider the 
presence of broad flatly rounded folds, each of which corresponds to a bundle of ribs, 
and tho erect, lamcllose condition of tho stria? of growth. In all of my specimens, 
even if the shell appears to bo perfectly well preserved, tho ribs, though being 
of very different strength, aro always more or less distinctly rounded on their tops, 
but never sharp. In the majority of my specimens the lamcllose character of the 
strins of growth is well exhibited. It is excellently developed in my largest speci- 
men (PI. V, fig. 1), whereas it iB barely at all observable in the specimen figured 
on PI. Ill, fig. 1. A character, which may be noticed in tho majority of my 
specimens, is the presence of a median rib in the bottom of the sinus, which in 
strength slightly surpasses tho neighbouring ones. 

Much difference of opinion has been expressed, as to the specific value of 
Spirifer mutakhelentis. Thus in 1889 it was placed by Tschernysohew (Memoires 
du Comit6 Geol. de la Russio, St. Petersbourg, Vol. Ill, No. 4, p. 366) among the 
synonyms of Sp. fusciger Keyscrling. The samo author added Sp. 'tegulatus, 
Trautschold (die Kalkbruchc von Miatechkowa, Moskau 1876, p. 80, Taf. VIII, 
rig. 6) to the synonyms of Sp. fasciger, whereas by tho generality of palaeon- 
tologists tho three had hitherto been maintained as separate species. 

AVaagcn considered the erect, lamellose condition of tho stria? of growth as 
a specific character of tho Indian shell and of Sp. tegulatus, supposing them to be 
constantly absent in Sp. fasciger. The figures giving by Count Keyserling's 
(Petschoraland p. 231, Taf. VIII, fig. 8, 3a, 36), by whom the latter specios had been 
introduced, represent either young or very imperfectly preserved specimens, from 
which no adequate idea of the species can bo got. Neither he nor Gruencwaldt, who, 
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reproduced a figure of a better preserved though incomplete fragment, 1 mentioned 
in their descriptions of Sp. fatciger the presence of lamclloso stria) of growth. 
Tschernyschew, however, who examined a large number of specimens, attributes 
the absence of a lamellose sculpture to their inferior state of preservation, stating 
explicitly that among his materials specimens with distinctly lamellose striae of 
growth are frequent. According to his view oven the peculiar sculpture in Sp. 
tegvlatut, resembling a tiled roof, is only duo to tho excellent state of preservation 
of Tnuitschold's tyjie specimen. 

Nikitin (Mem. Com. geol. dc la Russic, 8t. Petcrsbourg 1890, Vol, V, No. 5, 
p. 16 1) and Schcllwien* coincido with Tschernyschew in the belief, that Sp. tegvla- 
tut and Sp, mutokhtlentit are nothing more than different states of Sp. fatciger, 
in which the shell has attained a more or less strongly marked lamollose con- 
dition. On the other hand Bothpletz (Pabxontographica, loc. cit. p. 9), who cannot 
be considered an advocate of a very narrow circumscription of tho Bingle species, 
did not dare to unite Sp. fatciger and Sp. mutakhelentit, observing that the sharp 
folds in the ornamentation of the Russian species might constitute a specific charac- 
ter of dilTerenoc. 

Notwithstanding Tschcrnyschew's and Schellwien's contrary opinions, I have 
made use of Davidson's name for my Himalayan shells. 

If wo set asido tho lamclloso character of the stria? of growth, thcro still 
remains as a distinguishing feature the character of the folds corresponding to tho 
fasciculi of ribs. Grunewaldt states, that in his specimen of Sp. fatciger from 
Ssaraninsk these folds are roof-shaped, with acute edges. In Tschernyschew's 
figure (PI. V, fig. 4) tins acute character of the folds imparts to the front margin tho 
shape of an angular zig-zag bent line, whereas in Sp. mutakhelentit the folds are 
always rounded, at least in full grown individuals. Nor do any of the Himalayan 
shells absolutely agree with Tschernyschew's figure regarding the character of tho 
minor ribs, which appear to be of a more acute shape in tho Artinskian specimen. 

I am well aware that very different opinions may be expressed, relative to 
the specific value of the characters mentioned. Without denying tho possibility of 
Tschernyschew's view being the more correct, I may only remark, tliat. by following 
his opinion, we should obtain a very variable species. Nor should we bo justified 
in retaining Sp. poitntriatu*, Nikitin (loo. cit. p. 167, Taf. II, fig. 16-19) as a distinct 
species. Sp. potUtriatut differs from Sp. fatciger, only by the flattening of its ribs 
in the lower portion of the shell. A comparison of Nikitin's figures with iUustra- 
tions of Sp. fatciger and of Sp. tegulatut will show at a glance, that the differences 
between tho two latter species are the more conspicuous. It might even bo 
taken into consideration, whether Sp. cameratt$, Morton, and its American allies 
ought not be united with Sp.Jatciger, which they oertaiuly most nearly approach. 

» M. ». Qru***iddt. Beitrig. tor Kenntniu d« wdim«ntiirfii GebirKifWniatioom in d*n Bwgb»nptn>MB- 
Khuften JrkiUi«rinbur,r, BUtoo.t *tc, Mem. Ac.d. iropir. ds. mimm, St. P«t«r»bourg 1800, *e>. vii. II, No. 7. 
p. «7, Tut. V, fig. 1. 

' Die Fauna dn Kiroixltfn Foanlinrnkalk* I. c p. i% and : TVar fine angeblicke KoMciikalk-faaiia not der 
MgjptiKh-ambiacbcii WuaU. Zeiraebr. Ltautrch. Geol. Gm. 1804. XLVI, p. 72. 
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In this case a species is obtained, including a multitude of types, to which, of 
course, varietal denominations will presently be applied. Later on these varietal 
denominations will probably be developed onoe more into specific ones, disputes as to 
priority following almost certainly the re-introduction of the former species. I 
consequently deemed it more practical to retain the original separate denominations 
for such forma, as long as they can actually be distinguished. If I apply the name 
Spirifer mmakhelenais to my Himalayan specimens, every palaeontologist will 
know at once that neither forms with the particular sculpture of Sp. tegulatui, nor 
any agreeing with Griinewaldt's and TBciiernyschew's figures of Sp. fasciger are 
present among them. 1 

I have boon confirmed in my view of this subject by an examination of 8chell" 
wien's type specimens of his Sp. jaiciger {loo. cU. PL V, fig. 2, 3), from Carinthia, 
which I have been enabled to study by the kindness of Professor Edward Suess, 
to whose oollection they belong. As has been justly remarked by Schellwien him- 
self, one of these two specimens absolutely agrees with Trautsuhold's Sp. tegulatut 
whereas the second resembles more closely Sp. mtuakhelensis. I may add from 
my personal examination that the two specimens differ from each other more 
strongly than appears from their figures, and that I would not have thought of unit- 
ing them in one and the same Bpecies without Prof. TschernyBchew's authority 
supporting their identification. I consequently retain the Indian denomination 
for the Carnian specimen, figured on PI. V, fig. 3, of Schellwien's memoir. 

The measurements of some of my specimens prove that the species can attain 
even larger dimensions than had been supposed by Davidson and Waagen. In my 
largest specimen (PI. V, fig. 1) the breadth of the shell is scarcely lees than 110 mm. 

The measurements of my most complete ventral valve (PL IV, fig. 2 ) are as 
follows :— 

Batin length of the fed app. SS mm. 

Greateet breadth of the iboll app. 80 „ 

Apioal angle of the ventral wire 1»J°, „ 

Locality, number of specimens examined. — N.TV. Kiunglung encamping 
ground, S.W. Niti Pass, 6 ; 8 of Dharma XI, Lissar Valley, 1. 

Bemarks. — Spirifer musakhelemis is a species of a rather wide geographical 
and geological distribution. In the Salt Range it extends, according to Waagen, 
through the entire thickness of the Productus limestone, although it is most com- 
mon in tho middle division of this rock system. Davidson obtained it from the 
Barus beds in Kashmir (upper carboniferous), Stoliozka from his Killing series 
in Spiti, Boyrich and Rothpletz from the pormian rooks of the island of Timor. 2 
Prof. Suess collected the species in the upper carboniferous Pusulina limestone of 
the Carnian Alps in Carinthia. 

1 I am K kd to itate, that Dr. Bitlaer quite recently took eiactlv the eame view of thie matter in a umilar cax-. 
Lametlibranehiaten der alpinen Trine. I. Th. Beviaiou dt r Lamellibranchiaten von St. Cueian, Abhandlgn. K K. 
g»o). Roieha. Anrt. Wien. XVII, HVft. L 1896, p. 97). 

1 I folly agra. with Profewur RotbpleU in refusing to Sp. timorttuii a sepurate epnifie value. The specimen, 
from Ajer Ufttl are far from numting « peculiar a type, a. has been mummed be K. Martin. 
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Among tlie specimens, collected by Payor at tlio South Capo of Spitsbergen, 
and identified by Toula with Sp. itriatm, there is one, which very nearly agrees 
with my specimen of Sp. tntuakMentii from Kiunglung, figured on PI. IV, fig. 1. 
Although it is more strongly weathered than the latter, it distinctly shows the bund- 
ling of the ribs, which is not confined to the apical region only, as in Sp. atnatvt 
ear. atlenuatus (8ow.) Davidson (British carboniferous Brachiopoda, PI. II, fig. 12, 
13) or in Sp. condor, d'Orbigny (Voyage dans l'Arnerique meridionale, III, 
Paleontologie, 1842, p. 4G, PL V, fig. 11—14). On the contrary, like in the true 
Sp. muiakhelen$i$, the ribs in each bundle are more and more augmented by 
bifurcation, as the bundle approaches the margins of the valve. Near the front 
margins a few lamellose striro of growth could be noticed. I have consequently 
placed this specimen among my list of synonyms of the present species. 

In Amorica the group of Sp./atciger is represented by Sp. camera! us, Mort., 
and its allies. Owen considered Sp. cameratu* (Geological Survey of Wisconsin, 
Iowa and Minnesota, 1852, PI. V, fig. 4) from tho coal measures of North America 
as a synonym of .V/.. fatciger; Geinitz (Carbonformation und Dyas in Nebraska, p. 44) 
and Tschornyschow take a similar view of this question. Nikitin supposes that 
Sp. cam*ratu« may more probably prove to be identical with Sp. pottsiriatus. 
8chollwien leaves tho question of identity undecided, laying, however, a special stress 
on the description of Sp. earner a tut by Meek and Hay don (Final Report of the U. S. 
Geol. Surv. of Nebraska, p. 183), who explicitly stato the absence of any lamellose 
striae of growth in their American species. 

The Brazilian forms of Sp. camtrotui, as described by 0. A. Derby (on tho 
carboniferous brachiopoda of Itaituha, Bull, of the Cornell University, Ithaca, I, 
1874, p. 12) are partly provided with raised lamellose striic of growth, but differ 
from Sp. mntakhelenri* in the considerably loss distinct bundling of their ribs, and 
by the absence of any well marked folds in the sculpture of the shells. 

Sp. condor d'Orb., which £. de Verneuil and Davidson identified with Sp. ttriatm 
rar. attenuatu; Sow., is added by Derby to his list of synonyms of Sp. catneraius. 
The nearly entire absence of the bundling of the ribs make this species indeed most 
nearly approach to the Brazilian Sp. cameratn*. Sp. ttriatui var. mnlticogtatnt 
Toula (TJebcr einige Fossilien dos Kohlenkalkos von Bolivia, Sitzgsber. Kais. Akad. 
d. Wiss. LIX, Bd. 18C9, p. 435, Taf. I, fig. 2 — 4) from the upper coal measures of 
Cochabamba is likewise placed by Derby among tho synonyms of Sp. cameratui. 
Although this view has met with the approval of Schellwien (Zeitschr. Dentsch. 
GeoL Ges., 1894, p. 72) I am not convinced of the identity of the two species, as 
Toula's type specimen (fig. 2) is provided with a sharply impressed sinus, which seems 
to remain angular up to the front margin. A Spiri/er from Cochabamba among the 
collections of the Imperial Museum of Natural History in Vienna, which I have been 
able to examine, approaches most nearly Sp. potUtriatui, Nikitin. 

A species from Axel Island (Spitzbergen), which Toula united with Sp. cameratus 
under a varietal denomination (Permo-Carbon-Fossilien von der WestkQste von 
Spitzbergen, Neuos Jahrb. f . Mineral. 1875, p. 270, Taf. II, fig. 3), must be separ- 
ated from Morton's species on account of its very strong folds, each of whicb is 
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composed of a small numbor of ribs only. Tbis interesting species might eventually 
prove an intermediate link between the groups of Sp. fatciger and Sp. niger, 
Waagen (loo. ext. p. 522, PI. XLVIII, fig. 4— 0). 

Sp. cameratut, Toula (Eine Kohlenkalk-fauna von den Barents Inseln, 
Sitzgsbor Kais. Akad. d. Wiss. Wien, LXXI, 1B75, p. 17, Taf. II. fig. 2) from 
Barents Inland (N.W. Nowaja Somlja) Avill probably have to be united with either 
Sp. postttriatut or Sp. faiciger. 



3. Spibifer sp. aff. fascigero, Keyscrling, PI. V, fig. 2, 3. 

This species is but very imperfectly known to mo, being represented in Gries- 
bach's Himalayan collection by a solitary incomplete dorsal valve. Nevertheless 
I do not dare to identify the specimen under consideration with oithor Sp. fasciger 
or Sp. mutakheylensis, as it deviates from them in certain peculiarities and may 
perhaps belong to a different species. 

The most characteristic feature in the sculpture of this valve is tbe large 
number of acute ribs, arranged into fasciculi and gradually augmenting in strengtb, 
as they approach the front margin. This is just the reverse of what one is accus- 
tomed to soo in the ornamentation of Sp. fasciger and of Sp. musakhelensis in 
which tho ribs are, as a rule, strongest in the vicinity of the apical region. The ribs 
corresponding to the median line of each bundle, are more prominent than the rest, 
roof shaped in their transverse section, and provided with sharp edges. They are not 
straight nor do they describe a regular curve but are llexuous and, near the hinge- 
line, even form zig-zag bent or wavy lines. Lines of growth are clearly marked, but 
do not form distinctly raised lamella?. Tho apox projects but very little above the 
hinge lino. 

The present incomplete valve must belong to a very largo specimen, its greatest 
breadth being about 105 mm. 

To this species I attribute provisionally tho fragment of a dorsal valve figured 
PL V, fig. 3, comprising a part of its median fold or varix. This median fold pro- 
jeets very strongly and is pointed into a sharp, knife-like edge. 

Although in its general shape and sculpturo my type specimen agrees with 
Sp. fatciger, Keyserl., 1 it seems at least probable, that a different species is indicated 
by this specimen, standing to tho truo Sp. fasciger in a similar relationship, as 
Sp. posistrialus, Nikitin (M6m. Com. Geol. de la Russie, St. P<5tersbourg, 1890, 
V, No. 5, p. lOt, Tab. II, fig. 16—19). Whereas this latter species differs from 
Sp. fasciger especially by the flattening of its ribs in the vicinity of the margins, 
my Himalayan specimen is distinguished by their being less strongly marked in 
the vicinity of the apical region. The differences are, however, but very small, and 

1 Oraf Ket/nrliug, Wiawntctiifttich-3 B«ibachtaiiKen aaf einer R*!m> in d« Pettchoralancl, p. 231, Taf. VIII, 
fig. 8, 3 K 8 b; .V e. Orunnmidt , Ueitr&ve tut KtnntniM der »«diin*nlaren G *birg* f ormntiooen etc, M&n- 
i cad. imp. de« reioicM, Bt Pe"ter»boorjr, U60, tit. vii, II, No. 7, p. 97, Taf. V, fiy, 1; Z'A. Tteimfteitw 
Mm. Gain Md, de la Ru.io, St FrfUwbOarg, 1S», III So. 4. p. 366,'.T»f. V, fig. 4. 
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■with larger materials for comparison available, the present species may turn out to 
be only a variety of the true Sp.fatciger. Nor am I inclined to assign to the spe- 
cimen under consideration any proper specific designation. 

Locality, number of tpecimeu* examined. — N. W. Kiunglung encamping 
ground, 8. W. Niti Pass, 2 (?). 

•4. Spirifeb nitibnsis, nov. sp. PL IV, fig. 4, 5 a— e. 

This remarkable species belongs to the relationship of Sp. musakhelentu 
from which it may however be easily distinguished by some very conspicuous pecu- 
liarities. With Sp. musakhelentit it lias in common the arrangement of the 
ribs into fasciculi, imparting a wavy character to the surface of the shell, the 
lamcllose condition of the erect lines of growth, tho high apex of the dorsal valve, 
which is protracted into a very prominent median fold towards tho front and 
corresponds to the deep sinus of the ventral valve. 

Poculiar to the present species is its fusiform shape, recalling Sp, convolutm, 
Phill., among the carboniferous 8piriferidm. Although in none of my specimens 
are the wings completely preserved, it can be easily understood from their restoration 
in the figure (5 a) that the breadth of the shell must have been more than three 
times its length. The ventral valve is strongly curved in tho longitudinal but nearly 
in the transverse direction. Its area is tolorably broad, strongly reclining, parallel- 
sided, and shows a distinct vertical striatum. Tho strire are rather broad, neither 
prominent nor straight, but wavy. Tho triangular fissure is covered up by the 
rooky matrix in both of my type specimens. Tho beak is small, short, pointed, and 
but slightly produced boyond the cardinal edge. By the roundod, strongly pro- 
tracted sinus tho front margin of the dorsal valve is considerably elovatod above tho 
general convexity of the latter. 

The radial ornamentation, although characterised in general by an arrangement 
into fasciculi, differs considerably from tho sculpture peculiar to Sp. musakhelensit, 
Sp. fatciger and tfteir allies. The number of fasciculi is considerably larger, about 
ten on each sido of the sinus, but tho number of ribs composing each bundle 
is rarely more than three or four, and the augmentation of ribs by bifurcation ceases 
at an earlier stage of growth than in Sp. mutakhelenti*. The most important 
difforonoo from the latter species consists however in tho unequal strength of the 
ribs. In the three fasciculi, whioh follow immediately on either sido of the sinus, 
the central rib is always considerably broader and stronger than the rest, whereas 
on the proper wings they are formed of more delicate ribs of equal strength and 
width. In tho bottom of the sinus a broad median rib is noticed, bordered on 
each side by two moro delicate ones. All the ribs aro flatly rounded on their 
tops. 

Tho lamcllose condition of the raised stria} of growth is pretty well exhibited 
in both of my specimens. 

Tho dorsal valve is provided with a very high, narrowly rounded, mesial fold, 
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rising from the Tery apex of the valve, and being most prominent at the front mar- 
gin. To the meeting of this mesial fold with the corresponding sinus of the ventral 
valve the strong frontal wave is due, which is observable in the type specimen. 

The apex projects more strongly above the hinge line, than in Sp. mtuakhel- 
en sit. The area is distinctly marked, though of very small size. The ornamentation 
ngreos with that in the ventral valve. 

The measurements of the more complete of my two specimens arc as follows: — 

Entire length of the ehell SO mm. 

Length of tbe dona] th1t« 21 „ 

Greateet. breadth of the »bell 106 ., 

Thiclcnew of both wire. 18 H 

Breadth of the area of the eeotral Talre 6 „ 

Apical ingle of tbe Teotral valre 14*° 

I* mm domlTalT 136° 

Locality, number of specimen* examined.— N . W. Kiunglung encamping 
ground, S. W. Niti Pass, 2. 

Remarks. — The present species is very markedly distinct from the remaining 
forms belonging to the group of Sp. fasciger, by its transversely fusiform 
shape, and by its peculiar sculpture. I am not aware of any species of the former 
group, to which in this respect it could be more particularly compared. With regard 
to the latter characters it somewhat approaches Sp. niger, Waagcn (Salt Range Fossils 
loc. tit. p. 522, PL XLVIII, fig. 4 — 6) from the lower Productus limestone of the 
Salt Range. With this species the present one has in common the general shape, the 
prominent rib in the middle of the sinus, and the arrangement of ribs of unequal 
strength into fasciculi. In Sp. niger, however, the principal ribs are much broader and 
stronger and a small number of thin radial ribs aro arranged into distinct bundles. 
Both in Sp. niger and in its European ally, Sp. alatut, Schloth., the median fold 
of the dorsal valve is perfectly smooth, whereas it is covered by radiating ribs in 
Sp. nitiensis. 

On the whole the present species seems to bo less nearly plated to the group 
of Sp. alatus, than to that of Sp. fasciger. I have consequently deemed it prefer- 
able to leave it among the latter. 



c. Group op SPIRIFER CONVOLUTU8, PhilL 

5. Spibipek johabjsnsis, nov. sp. PI. IV, fig. 3. 

This very interesting species seems to hold an intermediate position between 
Sp. convolutw, Phill. 1 and Sp. niger, Waagen (Salt Range Fossils, Pal. Indioa, 
ser. xiii, I, Prod. lamest. Foss. p. 522, PL XLVIII, fig. 4—6), which is supposed by 
Waagen to be most nearly relatod to the permian Sp. alatut, Schloth. 

1 Daridton, Monograph Brittoh foeatl Braehiopoda p. 35. PI. V, fig. 2-16 j L. JtSminel, Panne da calalre 
earboniftw do la Belgian*. Aiwale* dn Mu^e Boyal d'hiot n»t de Bolgique, XIV, 6cme ptie., p. W7, PI. XXIX, 
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The only well preserved specimen of this spocics in the Himalayan collection 
strongly rocalls Sp. niger in its general outline. It is transversely fusiform, 
more than twice as broad as long, provided with a prominent median fold in the 
dorsal and corresponding sinus in the ventral valve. The valves are moderately 
convex, the dorsal valve being a little more strongly vaulted than the opposite one. 

The ventral valvo is provided with a tolerably broad, concave area, bordered by 
nearly parallel margins. The extremities of the wings being broken off in my type 
specimen, it cannot be decided, whether they have been regularly curved or attenu- 
ated towards the cardinal angles. The beak is small, well inourvod, but not very 
prominent The apical angle is comparatively acute, as in Sp. niger. The deep 
and broadly rounded sinus originates in tho very apex and is considerably prolonged 
beyond the frontal level of the lateral portions of the valve. The sinus is divided 
by five very delicate ribs, among which the central one is but slightly larger and 
more extended than the rest. On either side of the sinus the lateral parts of the 
valvo are ornamented by six thick, rounded ribs, each of which is either subdivided 
into smaller ones by bifurcation, or is accompanied by two or three indistinct, inter- 
calated costaj. There are also faintly marked traces of a concentric sculpture, con. 
sisting of regular, imbricating lamina; of growth. 

Tho dorsal valvo is oharaoterised by its very obtuse apical angle, and its elevated 
median fold, which becomes subdivided into four smaller ones in the vicinity of the 
front. On each side of this rounded median fold there are five or six thick radial 
ribs, each of which is accompanied by intercalated or dichotomous smaller ones. 
The sculpture on either side of the median fold is not perfectly symmetrical. In this 
valvo the concentric ornamentation is better developed than in the ventral one. 

The measurements of my type specimen are as follows :— 



Entiro length of Uw aboil 17 5 mm. 

Length of the dorml v.lve U „ 

Entire brrtdlh of the .b.U 40-74 „ 

Thicknew of both nlrt 9 

Apical uglo of tho wotnU nIn 118" 

w „ .. „ doml 140* 



Locality, number of specimens examined. — 8. of Dharma XI, Lissar Valley, 
one complete specimen, besides a small number of fragments, which probably belong 
to this species. 

Remark*.— The two species, to which the present one seems to be most nearly 
related, are Sp. convolutus, Phill., and Sp. niger, Waagen. With both of them 
Sp. joharensU has in common tho general shape, tho strongly olovated median fold 
in the dorsal valve, and the strong frontal wave, which is due to tho extending of the 
sinus in tho ventral valve boyond the frontal level of the lateral portions. 

The ornamentation is very much like that in Sp. niger. From this species 
Sp. joharen»i$ t however, difTors by the absence of a strong, prominent, median rib in 
tho sinus and by the character of tho median fold in the dorsal valve, which is 
smooth in Sp. niger and does not become subdivided into minor ribs. With regard 
to these characters our species agrees with Sp. convolutus, but on the other hand 

a i 
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their sculpture is sufficiently different to mako a distinction between them an easy 
matter. Although in Sp. conoolutus a bifurcation or intercalation of ribs fre- 
quently takes plaoo, an ornamentation similar to that in my type specimen of 
Sp. joharensit is never produced. 

On the whole I believe the present species to bo about intermediate between 
Sp. convoluttu and Sp niger. 

Spiri/era convvluta (?), Etheridge, (Description of the palieozoic and mesozoic 
fossils from Queensland, Quart. Journ. Geol. Soo., London, 1872, XXVIII, p. 835, 
PI. XVII, fig. 3,) from the Bowon River coalfield in Queensland may perhaps hold 
a similar intermediate position between Sp. jokarentii and Phillips' species. 

d. Group INDET. 

G. SPIRIFKK SP. INDET. PI. IV, fig. 6. 

I should not have mentioned this fragment of a Spirifer from the Productus 
shales of Kiunglung encamping ground, were it not for its extraordinary shape. It 
is provided with an unusually bread, slightly concavo area, divided by an enormous 
triangular fissure. The beak is small, bent over, and pointed. A deep sinus takes 
its origin in the apex and is bordered by strong ribs. The shell is distinctly fibrous, 
not punctuated. Thore can therefore be no doubt that this species belongs to the 
genus Spirifer. 

8ubfamily : MAETINlINuB, Waagen. 

Genus : MARTINIA, M'Coy. 
L Martihia glabra, Martin, sp. PI. V, fig. 4 a, b, c, d. 

1309. Coachgliolithet AnomUet glaber, Martin. Patrif. Derb, p. 11. PL XL VI 1 1, fig. », 10. 
1843. Spirifer glaber (Mart.) h. |de KomMk. Dcacripl ion dr. » D iu»m foaaile* ate, Li^e. p. 8*7. PI. 
XV1I1, fig. L 

1S59. Spirifer* glabra (Mart.) Datidaon, ilonop-nph Britiah Cajbon. Braeb., p. 69, PL XI, fig. 1—9 
PL XII, fig. 1-6, 11, 12. 

1S78. Spirifer glaber Wait.) L. da Knuinck, Monographio d«i foaailea carbonifcrea it Blcibcrg, p. 67, 

where a oomplcte lint of ayoonjma il given. 
1883. Martinia cf. glabra, Waagen, Salt R*ng« foaaila, P»L Ind. aar. xiii, I, Prod. Lime at. Foaa. p. 531. 

The genus (or subgenus ?) Martinia is represented in Griesbach's Himdlayan 
collection by one single but well preserved specimen. It agrees in gonoral with the 
well known carboniferous species M. glabra, but its identification with the latter 
is not beyond every doubt, as it differs from the typical M. glabra by its shorter 
hinge line, recalling in this respect the group of M. JFarlhi, Waagen. 

My specimen is transversoly oval, a little wider than long, providod with 
almost equally convex valves. The hinge line is a little shorter than one third of 
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the greatest breadth of the shell. The ventral valve is somewhat more strongly 
curved than the dorsal one. Its prominent apex is distinctly incurved. The area 
is small and bordered by well defined lateral margins. Its greater portion is filled 
up by the triangular fissure. The sinus is strongly marked, originating in the very 
apex, and causes the frontal part of the valve to be slightly produced. The surface 
is nearly smooth, and interrupted only by a fow, delicate strue of growth. 

In the dorsal valve a strongly marked mesial fold is developed, rising gradually 
from the lateral portions. Besides the lines of growth, there are faint indications 
of a few radial strue on this valve, whose surface is otherwise smooth. 

The measurements of my specimen are as follows :— 



Entire length of tbe ihell 16 mm. 

Longtbof thedomttiJ?. . 18 » 

Entire breadth of the »b«ll 18 6 , 

Length of the hinge-line 6 * 

Thicknau of both v»lv»i 10 „ 

Apical angle of the ventral T»lre 97° 

„ . m m dortal app. ISO' 



Locality, number of tpetiment examined.— N '. W. Kiunglung encamping 
ground, S. W. Niti Pass, 1. 

Remarks. — The only character, in which my specimen slightly differs from the 
typical Martinia glabra, is its shorter hinge lino. Davidson however expressly re- 
marks, " tliat the length of the hinge lino and area in many indubitable specimens 
of Spirifera glabra is not more titan a third of the breadth of the shell. " Waagen 
on the contrary, lays a special stress on the length of tho hinge line, when iden- 
tifying one of his specimens from the lower Productus limestone with M. glabra 
stating " that it chiefly agrees with M. glabra in the comparative length of the 
hinge line, which is not vory much shorter than the greatest breadth of the shell." 
He moreover places tho Salt Range species of tho genus Martinia, which 
are distinguished by a short hinge line, in a separate section, vie., the group of 
M. Wartki. According to his observations this series of forms" is distinct from 
the typical M. glabra by a much shorter hinge line, which terminates on both sides 
in little wings, and by the circumstance that the sinus of tho ventral valve is 
entirely limited to the frontal region." (loc. cit. p. 530). As my specimen has 
in common with M. IParthi only the short hinge line, but nono of the other 
characters enumerated by Waagen, I deemed it preferable to assign it to Martin's 
species, following Davidson's opinion, who does not think the comparatively long 
hinge lino to be a constant character in M. glabra. 

31. glabra is one of the most abundant of carboniferous fossils. Although it 
is commonest in tho mountain limestone of lower carboniferous age, its geological 
distribution is rather wide. It has been found throughout tho carboniferous series 
of tho Ural, in tho Moscovian stage of Central Russia, in tho upper carboniferous 
Fusulina limostone of Carinthia, in the Chester stage of Illinois,* and in the 

1 13 ram. corretpondiog to ■ bread: h of the shell of 18 5 mm. 

■ M. glabra oar. toutract*. Meek, and Wortben ; Qeol. 8ur»ey of Illinoi.. Vol. II. Pal-ontology, 1868. p. 298 
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lower Productus limestone of tho 8alt Bange. On the other hand, Davidson 
mentions specimens from the Devonian rocks of Barton, " which appear undistin- 
guishablo from some from tho carboniferous limestone. 

No importance can therefore be attributed to its occurrenoe in the pormian 
Productus shales of the Himalayas. 

Family: ATU1BID.S, Phillips. 
8ubfamily : ATIIY BIN/K, Waagen. 

Genus : SPIBIGERELLA, Waagen. 
1. Spibigbbeila derbyi, Waagen. PI. V, fig. 6, a-d, 8 a— e. 

im. AHyrUnbtiUU (Hall>, Dari<U<m,-0.u»rt. Jown. Ge-uL Soe. London, XVIII, p. 28, PI. I. fig. 8 (not 
fig. 7, dob Hall). 

1363. Atitri, tubtilU* (Hall) L. i» Kooi»cVs-M<5moire .ar let toatia paWoitoiqne., rewuMU dan. I'lnd*. 
p. 33. PI. IX, fig. 8. 

1887. Atkyrit tp. (Athyru luUilila, KM) VerchJre,— Kwlimir, the W e «Um Mini}*?*, and the 

Afghan Moontaioa, Jocrn. Aaiatie Boo. of bengal, XXXVI. Pt ii, p. 2U>, PI. II, fig. 1, 1 a. 
187*. Atkyrit tublilita (Hall) »-Derty pro parti. On the carboniferou* brachioioda of Itaituba. Bull. 

Cornell. Umrm. Itbara, I, No. 2, p. 7, PI. I, fig. 7. 
188*. Spirigerrila Dtrbfi, Was gen,— Salt Bange FouiU, P«l. Iodic*, nr. xtii. I, Prod. Limpet ttmSft 

p. 463, PI. XXXV, fig. 4-7, 8-13. PI. XXXVI, 6g. 11-13, var. aculcplicaia, p. 466, PI. XXXV, 

fig. 10-11, PL XXXVII. fig. 11. 

This species is the most common fossil of tho Productus sliales near Kiunglung 
encamping ground, where slabs of rock aro made up almost entirely of its shells. 

My specimens agree with Waagen's species in all their essential characters. 
Among Waagen's types they most nearly approach the one figured on PI. XXXV, fig. 
11, and described under the varietal denomination of acuteplicata. The Himalayan 
specimens exhibit well tho generio peculiarity, which induced Waagen to separate 
Spiriqerella from Athyrit. Tho beak is entirely appressod to the apex of the 
dorsal valve, and the small foramen is therefore completely concealed. 

My specimens do not vary so much in shape and dimensions, as the represent** 
tives of our species in the 8alt Bange. They aro, as a rule, nearly as long as broad, 
but none of them exceeds 20 mm. in breadth. The ventral valvo is distinetly 
curved in tho longitudinal, but very little in the transverse direction, whereas the 
dorsal valvo oxhibits a strongly marked, but unequal transverse curvature with 
a distinct median crest. Tho sinus in the ventral valve originates quite near the 
apex, but is very narrow in the visceral portion of the valve, and only widens 
out in the tongue shaped process, wliich corresponds to the steeply vaulted frontal 
wave. It causes the dorsal valve to ascend in tho prominent narrow fold, which 
imparts to Sp. Derbyi var, acuteplicata its characteristic feature. 

Strong, imbricating striuj of growth aro present at irregular distances. In 
later stages of growth the shelly eones marked off by them aro of considerably differ- 
ent breadth in the lateral and frontal regions, as has been noticed by Waagen in 
his types from the Salt Rango. 



Digitized by Google 



BRACI1I0P0DA. 



47 



I am not able to distinguish specifically between my Himalayan shells and 
Derbyi par. acuteplkata. I am confirmed in this view by Professor Waagem 
who believes them likewise to be identical. 

The dimensions of a full grown specimen are as follow : — 



Entire leDgtb of the aboil 10-5 mm. 

Length of the domlralee U „ 

Entire breadth of the ihell 17*6 . 

Taickneu of bath raire* 10 „ 

Apical angle of the larger ralre 108' 

» » « RUllCT 118° 



Locality, number of tpecimem examined.— N. TV. Kiunglung encamping 
ground, 8.W. Niti Pass, 10. 

Bemarka. — In the Salt Range Sp. Derbyi is very common both in the middlo 
and upper divisions of the Froductus limestone, but does not descend into the 
Katta bods, forming the base of the middle Productus limestone. In America it 
is represented among Derby's collections from the Itaituba coalmeasures, which 
Waagen is inclined to plaoe on a level with the upper division of the middle Pro- 
ductus limestone (Kalabagh beds). 

Genus: ATHYRIS M'Coy (8PIRIGERA, d'Orb.) 
L Athteis rotssii, Levcill£, sp. PI. V, fig. 5 a, b, fig. 7 a— d. 

1H62. Atljrit So, DaWdeon,— Qn&it. Jooro. QmL Sue., London. XVIIf, p. 27, PI. I, fig. 6. 

1*58. Atkjru Boffii, L. da Kooinok,— Mom. iot lei foatilej pal<!zoio,ou reeeoilli. daoi l'lndo, p. 83, PI. I X, 
fig. «. 

186*. Athgru Bojnii, 8alter.— Paleontology of Niti,«le., p. 63, PI. V, fig. IS. 

1S65. Spirigtn Bojtrii, Bejrieb,— Ueber oiot Kohlankalkfaao* ton Timor, Abfaandlgn. Kunigl. Akad. 

Win.. Btrlin,18M,p. 74.Taf. I. fig. 3 (not »). 
1SW3. AtkfHtSo^rii, Waagen.-SaH Rang. Foaiila, P»L Indict, Nfc liii, I, Prod. Limeat Foea. p. 457. 

PI. XL, Sg.8-1J.PI. XXXIX, fig. lO 

I have given here only the quotations of the Indian and Australasian syno- 
nyms to the present species in order to show at once, what I wish to imply by the 

According to L. de Koninck (Faune du oalcaire carboniffcro do la Belgiquo, 
Annales du Musee Royal d'hist nat Bruxelles, 1887, T. XIV, 6<J me Ptie., p. 85) 
all the shells from upper carboniferous and permian strata, which have been classed 
by palaeontologists among the synonyms of A. Boyasii, are not identioal with 
Leveille's species from the mountain limestone. Without venturing to givo any 
view on this subject, I shall oonfino myself to the statement, that shells identical 
with such as have been looatod by the above-mentioned authors within the syno- 
nyms of A. Boyuii, are common among the fossils of the Himalayan Productus 
shales. 

The majority of my specimens agree almost perfectly with Waagon's types in 
their outlines and sculpture. Among them the specimen PI, V, fig. 5, may be 
taken as prototype, whereas, the small specimen, figured PI. V, fig. 7, with its 
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pentagonal outlines shows some difference, but is linked to the former by a large 
number of intermediate forms. The curvature in the two valves is either equally 
strong or the dorsal valve is more strongly vaulted than the ventral one. A small 
sinus is, as a rule, present in the larger valve corresponding to a more or less dis- 
tinctly developed median fold in the opposite valve. A flat frontal wave is always 
present. The foramen in the beak is comparatively small. 

The ornamentation of the shell is best exhibited in my largest specimen 
although it is but partially preserved. It consists of very numerous and thin, 
lamellar, concentric striae of growth, of which 20 to 25 are counted to a space 
of 10 millimetres. Shelly fringes have not been noticed. The interior oast of the 
ventral valve is covered by distinct radial striations . 

The measurements of the two figured specimens are as follow : — 





I. 


IL 






17"8 mm, 






16 .. 






20 ,. 






9 „ 






100° 






115* 



No. I is the largest specimen in Griesbaoh's collection, but is not completely 
preserved. 

No. II represents the average size of the specimens occurring in the Produc- 
tus shales of the Himalayas. 

Locality, number of specimens examined. — N. W. Kiunglung encamping 
ground, S. W. Niti Pass, 8, 8. of Dhnrma XI, Lissar valley, 1. 

Semarkt. — The Indian representative of A. Roystii is not restricted to any 
distinct geological horizon. In the Salt Range it seems to extend through the ontire 
thickness of the Productua limestone formation. It lias been mentioned by Beyrich 
and Rothpletz from the pcrmian rocks of Timor. From the Himalayas it lias boen 
quoted by Salter from tho Productus shales of the Niti district, by Waagen from a 
white crinoid limestone, which Mr. Hughes picked up somewhere in the mountain 
range to the north of Milam, 1 by Griesbach' from the red crinoid limestone, corre- 
sponding to the lower division of the carboniferous system in Kumaon and Gurhwal. 

Suborder: ANCYLOPEGMATA, Zittel. 
Family : TEREBRATVLIDA, King. 

Genus: MELASMA, King. 

1. LlELASMA 8P. IND, PI. Ill, fig. 5, 5 b. 

I have mentioned this poorly preserved fragment only in order to prove, that 
the genus Dielatma is represented among the fossils of the Productus shales in the 

1 T. W. Hugktt and W. Wtugn Note on a trip onr tha Milam P*»«. Kumaon. Beoonli GeoL 8ur». 
of India, XI, 1878, p. 182—187. 

' C X. QnaUtek > Geology of tie Central Himalaya*, /. c. p. 12a 



Digitized by Google 



BRACHIOPODA. 



49 



vicinity of Kiunglung encamping ground. Every one, who is acquainted with the 
difficulty of detennining complete specimens of Dielatma, wUl understand the reasons 
which induce me to ahstain from identifying the fragment under consideration with 
any of the hitherto described species of this genus. Its similarity to D. BochsteUeri, 
Toula (TJeber einigo Fossilien des Kohlcnkalkes von Bolivia, 8itzgsber. Kais. Akad. 
Wiss. Wien, 1869, LIX Bd., 8ep. Abdr. p. 2, fig. 1) from the coal-measures of 
Cochahamba may, however, be noticed. They agree in the general outlines of their 
shells, the greatest breadth of which is shifted towards the semicircular front 
margin, and in the elevated marginal region of the ventral valve. 



CONCLUSIONS. 

The marine fauna of the Produotus shales of Kumaon and Gurhwal is com- 
posed of tho following species, which have been dosoribod in the previous chapter :— 

CEPHALOPODA. 
1. Ortkoeerai ip. ind. 

LAMELLI BR ANCH I AT A. 
t. AviculopteUn iiemalii Salter. 
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8. 


£ 4. •;-•(-•< Fwi»», Salter. 


4. 


„ lUiarentii, nor. sp. 


R. 


Produetu* PurJoni, Day. 


6. 


„ tam/eiUmt, nor. sp. 


7. 


„ ef. uritli; Waajr. 


8. 


„ ef. Cttnerini, Vern. 


9. 


„ caucrimtformii, Taehero. 


10. 


Spiri/er Rotxna, hot. sp. 


II. 


„ mutaiAilentit, Day. 


12. 


„ aff.faieigero, Key*. 


13. 


„ *%tit*ii$, nor. sp. 


H. 


„ jolartmu, nov. sp. 


15. 


„ tp. iud. 


16. 


Martinia glabra, Mart. sp. 


17. 


Spirigtrella Derbji, Waag. 


IB. 


Athjtit Refitii, Ley. sp. 


19. 


Dielanvt, sp. ind. 



Among these 19 species 3 are represented by fragmentary specimens only, 
wbich do not allow of any specific determination. Excluding these 3 species 
which belong to the genera Orthoceras, Spirifer and Dielo$ma, 1G species remain 
which impart to the fauna of tho Prodi ictus shales their peculiar aspect. Among 
them 6 are new to science and 8 only can be identified with such species as 
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have been hitherto found outside the Himalayas. There is, however, still a largo 
number of fragment* in Griesbach'a collection, which must remain undetermined, but 
which clearly prove, that our knowledge of the present fauna is yet very imperfect. 

The fauna of the Productus shalos shows quite a peculiar character of its own, 
as more than half of the entire fauna is composed of species which have not 
hitherto been found in any other rook groups. It must bo borne in mind, that out 
of the 8 forms described in the previous chapter, which do not allow a spooilio 
determination, 2 at least are certainly now. Thus out of a total number of 19 
species 10 are restricted exclusively to the Productus shales. 

Whilst the majority of species arc autochtonous, the remaining forms— altogether 
8 — are identical with such as occur also in the younger palaeozoic Btrata of other 
countries. Among the latter, the following 6ix are identical with species which 
have been described by Waagen from the Produotus limes tono of the 8alt Eange : — 

F rod acini Purdomi, D»v. 

„ tf. terialit, Waag. 

Sfiiri/er nuiaiielemtii, Dav. 

Martinis glabra, Mart, sp. 

Spitigerella Dfrbyi, Waajj. 

Alkyrit Soyuii, Lev. ap. 

It is not to be wondered at that the affinities of the present fauna to that of 
the Productus limestone are more distinctly marked than to the faunas of non- Indian 
deposits, as the Salt Range is the country least distant from the Himalayas, where 
marine equivalents of the permian system are known to exist. 

Out of these six species, identical with Productus limestone fossils, one is 
restricted to the lower Productus limestono and one to the upper Productus lime- 
stone only. 1 But the latter is only marked as rf, in my preceding list. Two species 
extend throughout the entire thickness of the Productus limestone formation ; one 
occurs in the middle and upper Productus limestone and one in tho upper division 
of tho middlo Productus limestone (Virgal and Kalabagh beds) only. Thus the 
faunistic relations to the upper division of the Productus limestone formation appear 
to be somewhat closer, but the difference in the number of identical species is 
too small to be of any importance for the stratigraphical correlation of the re- 
spective beds. 

With the permocarboniferous fauna of the Ural and of the Timan region tho 
Productus shales have only three species in common, among which one is among 
the leading forms of tho Hiindlayan rock group here under consideration. These 
species are the following :— 

Prodaeiut eanerini/ormU, Teebero. 
„ ef. eanerini, Vera. 
„ Pnrdomi, Dm. 

Tho affinities between tho faunas of the Himalayan Productus shales and the 

' In the grouping of the Pnxlqcta» bod« of the Salt Rang* I am following Waa^-ti i classical memoir, not the 
eWiflcat:on adored by R. D. Oldham in the uoond edition of the Haoual of tho taeelogj of Iudia (Calcntta, 
8M. Chapter VI). 
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pormocarboniferous deposits of Russia appoar however to he much closer, if we take 
into consideration such species as arc so very nearly allied, that advocates of a 
wider definition of the species might even consider them as identical. Such ana- 
logous species are the following :— 

Rauia. Central Himalaya*. 

Awuloptett* Koiteifofi, Vera. J. tit flit, Salt. 

Ctonfiet uraliea, Moelier. Ch. Fiihnt, Salt. 

Spiri/tr Uareoui, Wang. Sp. Havana, Dien. 

„ /tteiger, Keraerl. ,. muiaiielentu, Dav. 

». a 9- f*tcigtro. 

Atkfti* Rofttii (Lev.), Tichem. J. Rojitii (Lev ), Dien. 

From this it appears very clearly, that the relations of the fauna of the Hima- 
layan Productus shales to that of tho pormocarboniferous deposits of Russia are 
scarcely less intimate, than to that of the upper Productus limestone of tbe Salt 
Range. 

Well marked affinities arc also exhibited between the fauna under consideration 
and that of tho permocarboniferous (? and permian) rocks of Spitsbergen. 

The faunistic relations between tho Productus shales of Gurhwal and Kumaon 
and the rock groups of upper paUeozic age in other countries will bo shown in the 
tabular statement on the following page, which only contains such species as are 
identical (i) or very nearly allied (a). If we pass in review this list of species, which 
are identical with such as occur in foreign countries outside the Himalayas, we find 
among them one single form only, which has not been detected hitherto in deposits 
vo unger than carboniferous. This is Martinia glabra, sp., a form of rather small 
geological importance, as it seems to pass up in its typical 6hape from the Devonian 
into the topmost carboniferous strata. Two species, Spiri/er musakhelennt and 
Athyrig Sot/mi, extend from upper carboniferous into permian strata; three aro 
restricted to beds of permocarboniferous and permian age. These are : — 

Product** Purdoni, Da». 

„ ef. Ctmeriai, Vera. 
SpirijtrelU Derbyi, Waag. 

One species, Productm cancriniformit, is peculiar to the topmost carboniferous 
and permocarboniferous, and one species, Productut of. »eriali$, to permian strata. 

If we add to these species such as are very nearly allied to forms of the Pro- 
ductus shales, as: Spirifer Mareoui,Wt&g., Chonete* uralica, Moell. Avieulopeolen 
Koktcharofi, Vera., wo find them likowise ranging from upper carboniferous into 
permian strata. Thus little evidence is afforded by them as to tho stratigraphioal 
position of tho Productus shales in the general sequence of the sedimentary rocks. 

The majority of species, of which the present fauna consists, are brachiopoda, 
wbich do not keep a distinct stratigraphical horizon, and are consequently of but 
little value for a distinction of narrowly limited geological stages. Although the 
general character of this fauna excludes any correlation of the Productus shales 
with beds of carboniferous age, it is not sufficient for deciding whether they 
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ought to be placed on a lovol with permocarboniferous or with true permian 
strata. 

The distinctly marked affinities between the fauna? of the Productus shales 
and of the Artinskian stage might justify a correlation with the permocarboniferous 
series. 1 On the other hand it must bo borne in mind that the greater part of the 
fauna of the Productus shales is made up by new species. Considering the intimate 
relationship, by which the different subdivisions of the Productus limestone forma- 
tion in the Salt Range are linked together, a greator stress must be laid on the fact, 
that forms, very nearly allied to but not. identical with Artinskian species play an 
important part in the present fauna. We may even ask, if it is not exactly these 
netc species whioh ought to be considered as the feature peculiar to beds of true 
permian age within the sedimentary bolt of the central Himalayas. 

Another instance which appears to be in favour of tho latter view, is the following. 

North of tho main region of tbe palieozoie belt of the Central Himalayas crags 
of triassic and permian rooks are found in the range of Chitichun No. 1 in Hurdes 
amidst tho Tibetan zone of Spiti shales and Gieumal sandstones. Among these crags 
the main mass of the peak Chitichun No. I (17,740 feet) has furnished us with 
a rich fauna, consisting chiefly of brachiopods, bryozoa and corals. A large majority 
of the species composing this fauna (more than GO '/.) are identical with such as 
have been describtwl by Waagen from the Virgal and Kalahdgh beds in the Salt 
Range. 1 This fauna must therefore bo placod most probably on a level with the upper 
division of the middle Productus limestone. 

If we compare tho faunas of the palaeozoic limestone crag of Chitichun No. 1 
and of the Himalayan Productus shales, we find them to differ rather considerably 
from each other. Not only is the number of identical species insignificant, but 
the absence of all the Producti, peculiar to the Chitichun fauna in the Productus 
shales is still more remarkable. Among these Producti true permian forms, like 
P. Abichi aro rare, whereas such as have their chief development in carboniferous 
deposits, liko P. gratio$us, P. temiretieulatut, P. lineatut, P. Cora, are rather 
frequent- The presence of these forms gives a slightly more ancient aspect to the 
Chitichun fauna. As the latter has been proved to be homotaxial with the upper 
division of the middle Productus limestone, the Productus shales of the Himalayas 
can scarcely be considered to stand on a lower level than the upper Productus 
limestone of tho Salt Range. 

Starting from these considerations it appoars more plausible, that the fauna 
of tho Productus shales should fall homotaxically within the scope of the permian 
not of the permocarboniferous stages of other countries. 

The only decisive evidence for a permian ago of the Productus shales is however 
based on their stratigraphical relations to the triassic beds of the mesozoic belt of 
the Central Himalayas, not on their fossil remains. One of the chief results of 

' In thia memoir the term " Penncwboniferoii. " i* used in the m-bm of tbe Roitieo geologist, not in tut 
wider tent* attributed to it either by A. de Lappaient, or by a t»iy« number of American author*. 

> Tbe third part of the preset* relume of the Himilajiw Poi.il. is daroted to a mouograpb of tbia intemtmg 
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Griesbacb's geological survey of the Bhot Mahals of Kumaon and Gurhwal is the 
proof of an unconformity, existing at the base of the Productus shales, which 
locally overlap successive strata of carboniferous age. With this unconformity 
another uninterrupted sequence begins, with conformable bedding throughout, 
which ranges from the Productus shales to the topmost beds of the triassic system. So 
intimate is the stratigraphical connection between the Productus shales and the 
following Otoceras beds of lowest triassic age, that a 6harp boundary cannot be 
drawn between thom. During his first visit to the Ji iti area Griesbach actually 
failed to distinguish the two horizons, which in the sections of Kiunglung and of the 
Shalshal cliff pass quite gradually into each other, and can only be conveniently 
separated by the rich mosozoic fauna, contained in the main layer of Otoceroa Wood' 
xcardi. I therefore fully approve of tho conclusion arrived at by Griesbach, who 
looks on the Productus shales as tho representatives of tho pormian of south eastern 
Europe on the ground of thoir stratigraphical connection with tho triassic and of 
their unconformity to tho carboniferous series. 

The only distinctly marked unconformity, which has been mad© known hitherto 
within tho sedimentary bolt of the Bhot Mahals of Gurhwal and Kumaon is younger 
than the white quartzite of upper carboniferous age, which must have been partially 
eroded, before the overlapping Productus shales were deposited. This unconformity, 
though bearing evidence of considerable physical changes, does not appear to have 
been accompanied by intense structural displacements, which might be compared 
to tho "Variscian" disturbances in Central Europe during the carboniferous period. 
The break between the upper carboniferous quartzite and the permian Productus 
shales probably corresponds to the permocarboniferous stago in Russia. It is 
not impossible, that in Central Asia this unconformity is represented by the 
"Tibetan transgression," the importance of which has been recently elucidated 
by Suess 1 on the basis of Bogdanowitsch's geological reconnaissance in the Kwen- 
Lun mountains. 3 

Thus Grieebach's correlation of the Productus shales with the true Permian of 
south-eastern Europe stands firm so far, as it is based on stratigraphical evidence. 
This stratigraphical evidence is, to say the least, not contradicted but rather supported 
by the palaeontological results, as put forward in this memoir. With regard to 
the latter I may sum up my views in the sentenco, that the fauna of the Productus 
shales of Kumaon and Gurhwal, as represented in Griesbacb's Himalayan collections 
— provided it really belonged to the same stratigraphical system — should bo consi- 
dered of permian rather than of permocarboniferous age, although the paltcontological 
evidenco alone does not appear sufficient to decide this question. 

' E. Sues.*, — lteitrage Zor Strktignphie CenttfJ-Aaient, Penksctr. Kail. Akad. d. Wix, Wien, loath, not. CI. 
LI I. ISHp. 436. 

5 Report on tho Tibetan Expedition, 1889-90, nailer til* common :1 of It. W. Pivtar, Pt. ii. Gwlogiral 
Exploration of Eaotera Turkertao by K. B»$ia*<mifcK (in Romu l*ngu»je), St. PtUrtWfh, ls9*.p. «• 
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PLATE I. 

Fig*. 1—3. PRODfCTUfi oahobticus, Diener. Three specimen* from Kiunglung encamping ground. 

la, ventral view, U, lateral view, lc, frontal view, Id, apical view, 2, ventral 
valve, with partially preserved ahell, 3, doraal valve. 

Fig. 4. Pboductus c». smulib, Waagen. Cast of a doraal valve from Kiunglung encamping 
ground. 

Fig*. 5, 6. Pioductcs cp. Canciini, Verneuil. Two ventral valves from Kiunglnng encamping 



Fig. 7. PaoDUCTUB CANcannroiima, Taobernyachew. Specimen from the permian (?) limestone 
with P. tibttiems, SirepiorUfnchu, dificilii, etc., near the Ougeaas River (Western 
Kuen-Lun MounUina), collected by K. BogdanowiUch. 7«, ventral view, lb, 
lateral view, 7c, apical view, Id, frontal view. 

Figg. 8—10. Prodcctus canchinihoumis, Tschernyscbew. Three specimens, from Kiunglnng 
encamping ground, M doraal valve, 9, 10 ventral valves, 9a, ventral view, 94, lateral 
view, 9c, apical view, 9d, frontal view, 10«, ventral view, 104, lateral view, 
10c, frontal view, lOrf, apk-al view. 
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PLATE H. 



rigs. 1 — 2. Pboductus Pubdosi, Davidson. Two ventral valves from Kiunglung encamping ground. 

U, ventral view, 1*. lateral view, lc, frontal view, Id, apical view, 2a, ventral 
view, showing part of tbe muscular impressions, 86, lateral view, with some 
shell remains below the apex. 

Fig. S. Pboductus OAKorncua, Diener. Casta of dorsal valves, with partially preserved internal 

structure, from Kiunglang encamping ground. 
Figs. 4, 6. Chonetm mssarkksis, Diener. Two specimens from S. of Oharma XI, Liasar Valley. 

4, oast of ventral valve. 4a, ventral view, 45, lateral view, 4e, apical view, 

44, frontal view, 6, dorsal valve. 

Figs. 5, 7. CHONBTaa Vishhu, Salter. Two ventral valves from Kiunglung encamping ground. 
6a, ventral view, 54, lateral view, 5*. frontal view. 
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PLATE III. 

Figs. 1 , 2. Spieipeb Havana, Diener. 1, ventral valve from Kiunglung encamping ground. In, 
ventral view, li, dorsal view, \c, transverse section, combined wiih frontal vi«w 
of tins median sinus, 2, fragment of a ventral valve from S. of Dharma XI, 
Lissar Valley. 

Fig*. 3, 4. SpiRiris ncbakheyunsis, Davidson. Two specimens from Kiunglung encamping 
ground. 

Fi-g 5. Dielasma gp. ind. Fragment of a ventral vaKe from Kiunglung encamping ground. 
5a, ventral view, 54, lateral view. 
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PLATE IV. 

Figs. 1, S. SriKirER mcsakhstlrnsis, Davidson. Tmo specimens from Kiunglang encamping 
ground. 1«, ventral view, 16, dorsal view, 2, typical form. 

Fig. 3. SpiBirn johabknuis, Oiener. Specimen from S. of Dharma XI, Liasar Valley. 3a, 

ventral view, 36, dorsal view, 8c, lateral view. 
Figs. 4, 5. Spiripsr niti en-is, Diener. Two specimens from Kiunglang encampiug ground. 5a, 

ventral view, 54, dorsal view, be, frontal view, bd, apical view, be, lateral 

view. 

Fig. 6. Spiripeb sp, u»d. Fragment of a ventral valve from Kiunglung encamping ground. 
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PLATE V. 

Fig. 1. Spiripir uusakheyi.insis, Davidson. Largest specimen known to me, from Kiunglong 
encamping ground. 

Figs. 2, 3. SriRirtt »p. Art. pasciosio, Keyserling. Two incomplete dorsal valves from Kiunglung 
encamping ground. 

Fig. 4. Martinia glabra, Mart. sp. Complete speeimen from Kiunglung encamping ground* 
4a, dorsal view, 4ft, ventral view, k frontal view, 4d, lateral view. 

Figs. 5, 7. Athtms R0Y88H Lev. sp. Two specimens from Kiunglung encamping ground. 5, 
largest specimen known to mo, ha, ventral view, 5ft, lateral view, 7, average sized 
specimen, la, dorsal view, 7ft, ventral view, 7c, frontal view, 77, lateral view. 

Figs. 6, 8. Spimorreixa Derby:, Waagen. Two specimens from Kiunglung encamping ground. 

6a, 8a, dorsal view, 6A, 8ft, ventral new, 6f, frontal vieiv, 6a*, lateral view, 8c, 

lateral view, Srf, frontal view, 8», apical view 

Fig. 9. CnoxBTES Vishnu, Salter. Fragment of a dorsal valve from Kiunglung encamping ground. 

Figs. 10«, ft, 11. AvicrLoncTES HiHiAUs, Salter. Two left valves from Kiunglung encamping 
ground. 

Fig. 12. Ortbocrras sp. ind. Fragment with partially preserved body chamber from the Mauk- 
ehang Pass (Kuti-Yangti Valley). 

The circular shape of the transverse section and the central position of the siphancle, as repre- 
sented in 12ft, are open to grave doubts. 



Digitized by Google 



('H'olSuiTuflndin PIT 
PRODUCTUS SHALES-FOSSILS (HIMALAYA) 




A SwoUodi tf»letlirti Tr.8»nnw»*ih print 



Digitized by Google 



RECORDS OF THE GEOLOGICAL SURVEY OF INDIA. 

Vow. I TO XXX, 1888 TO 1897. 

The |MM of the Geological Surrey are iMiinl quarterly, — in February, Mar, Auittut, nai November. They 
repone and paper*-, abacraets of more detailed work ; node** of recent diecovariee; doaatione to M 



to Library, etc. They arc of the eame eiso u the • Memoira,' but are acparatclr pognd. Bogua io June 1868. 

The au»eription for four number* or parte >■ I Ka. (4..). Poatage additioo.il ; if for lndu.4 A*., for Great 

BriUin.SAa. (la.). 



MISCELLANEOUS PUBLICATIONS. 

A Manual of toe Geology of India. 4 Voli. With map. 1879-1887— 

" * SStiS Are*. } "T H. B. Medlicott and W. T. Blaoford, Pric, 8 rupee, (oaf o /f ,W>. 
VoU 8. Bcnoomlc Gvology. By V. Ball, Pric* 5 rnpea* (oaf of priat). 
Vol. 4. Mineralogy. By P. B. Mallet. Prior 2 ropeea. 
A Manual of too Owl^ry of India, 2nd edition. By EL D Oldham. (1893.) Pric* 8 rupw*. 
l'opnlar guidca to the geological collection* io the Indian Museum, Calcutta— 

No. 1. Tertiary Tartrbreto animal*. By R. Lydekker. 1879. Price 3 anna* (out of priaf) 
No. 8. Minerala. By P. K. Mallet. (1*79.) Price St annaa. 
No. S. Metaortt**. By P. Feddcn. (1880.) Price 2 annaa. 
No. 4. PaU-ontological collection*. Br O. FoiatnwnVel. (1881.) Prkai 8 annaa. 
No. 6. Economic mineral product*. By P. R. Mallet (188J.1 Price Z ■ 
. of lie collation ot Mineral* in the Geological Mn 



IlaacriptiTa catalogue of the collation ot Mineral, in tbc Geolog.c*l Mownm, Calcutta. By V, B. Millet. (18.83.) 
Price 91 rtipeea. 

An Introdaetion to the Chemical and Puyeieul aindy of Indian Mineral*. By T. H. Holland. (1898.) Price 8 annaa. 
Catalogue of the remain* of Slwallk Vartcbrata contained in the Geological Department of the Indian Moaniai. By 
R. Lydekker, Pi I. Mammalia. (1S85.) Price I rupee. Pt. II. Ave*, Beptilia, and Piece*. (WSfl.) Price 4 annaa. 

Catalogue of the remaina of Pleiatocene and Pre-Hiatorie Vertebrate contained in the Geological Department ol the 
Indian Museum. Bv B. Lydeiknr. (188B.) Price 4 annaa. 

Bibliography of Indian Geology. By B. D. Oldham. (1888.) Price 1 rupee 8 annaa. 
Report on the Inspection nf Mine, in India for ISbS.O*. By Jamea Grnndy. f 1894.) Price 1 rupee. 
Report on the Inspection of Minea In India for 1894-D6. By Jamea Ornndy. (1898.) Price 8 rupee*. 
Eopott oh the Inspection of Minea in India for 1896-9*). By Jamea Grundy. (1897.) Price 1 rupee 
Report on the Oeologieel Structure and Stabdlty of the hifl alopea around Naini Tal. By T. H Holland (1M9J 



(illogical Map of India. (189S). Seal* 1" - 90 miloa. Price 1 rupee per copy. 



To be had on application to the Rrgiatrar, Geological Surrey of India, Calcutta. London i Kcgan Paui, Trench, Trubnrr & Co. 



PALEONTOLOGIA IXDICi 



(Svam I. III. V. VI. VIIL) 
CBKTACROUS FAUNA OF 80UTHEBN INDIA, In F. STOLICZKA, trctpt Vol. I, Pt. 1, if H. F. BLANFOBD. 
Vol. I. Tbr OaWMil (1861— 66), pp. 816, pit. 84 (6 doable). 
» II. The Gartropod* (1887—68). pp. nil, GOO, pi*. 2& 
» III. Tho Pclccypod* (1870—71), pp. xxii, 537. pi*. 60. 

„ IV. The Brecbiopoda, Ciliopoda, Kchiuodennala, Coral*, etc. (1671—78). pp. T, SOS, pit. 29. 

(Sniii II. XI. XII.) 

THE FOSSIL FLOBA OP THE GONDWAN'A BYSTEM, t, O. FKD3TMANTEL, txetpl Vol. L Pt. 1, tj T 

OLDHAM ami 1. MORRIS. 

Vol. I, pp. xTlii, 238. pl». 72. 1869—70. Pi. 1; RajmabiO Group, Rijmabal Hill*. It. S; TU tamu (nmt.mutd) 
Pt. 3 i PUnt* Iron Gnlaptlli. PL 4 ; Outlier* oo tbe Madrat Coett. 
„ II. pp. xli, US, pie. 28. 1878—78. PL. 1 ; JU rattle Flora of Each. Pt. 2 I Flora of the Jabalpur Groap. 
.i III. pp.li.64-t 149, pit. 80 (9 doublo)(I-XXXl 4 I.f-XLVIM). 1870-81. PL 1 1 The Flore of theTalcfair-Ktrharbari 

bed*. PL 2 ; The lion of tho Damnda and Panchet Division*. Pt. S ; Tht ntmt (r<iir/«M|. 
m IV, pp. uvi. 25 + 60, pi*. 86 (2 double) (I— XX V ♦ l.t-XlV.i). Pt. 1 (1882), Koatil Flora of the South Rewab 
Good watt* built. Pt. 2 (1888) i Fc.il Flora of touie of the Coal-field* in \V intern Bengal. 



(SlBIU IX.) 

JURASSIC FAUNA OF KACH. 
Vot. I (187S-76). The Oeph.lopoda, Br W. Wi_ioiJf. pp. i. 247. pl». 60 (6 double). 
.. II. pL 1 (1893). The Echinmdea of Each, by J. W. Gbbqoby, pp. 12. pi*. 2. 



(Stum IV.) 
INDIAN PRE-TERTURY VERTEBRATA. 
Vol, I. pp. vi, 137, pU. 86. 1865— 8S. Pt. 1 (1868); Tile Vertebrate Foailli from the Panrhct roekt, by T. H. HrxLBT. 

Pt. 2 (1878) ; Tbe Vertebrate Fouil* of tbe Kota-Malerl Group, by Sib P. til M Gbbt Koibtoh and 
L. C. MlALL. Pt. S (1879) ; RepliUa and Batrechia. by K. Ltukxkbb. Pt. 4 (1886) I The Labj ruithodoot 
from the Bijori Group, by It. LTUIXKIB. Pt. 6 (1885) ; Tho Beptilia and Amphibia of the Maleri «d 
Dtnwa groups, by K- Ltiiuui. 



(Stain X.) 

INDIAN TERTIARY AND POST-TKBTIABT VKRTEHRATA, tf B. LVDEKKER, e*eepf Vol I, Pt. I, by 

B. B. FOOTR. 

Vol. I. pp. xxx, 200, pit. 50. 1874—80. Pt. 1 ; Bhlooceroe deccaneniu. PL 2 ; Molar teeth and other remain* of Man. 

malia. Pt. 3; Crania of Bamiaant*. PL 4; Supplement to PL 3. ft 6; Siwalik and Narbada 
J*p iVhj*>('Ii1iii. 

• II, pp. xt, aSS, pla. 45. 1881—84. PL 1 ; Siwalik Rrimoccrotida. Pt. 2 ; Supplement t<i Siwalik and Narlmda Pro- 

hoacidia. PL 8 i Siwalik and Nartiada Eqnida.. It. 4; Siwalik Caiutlopardalid*). PL 6 ; Siwalik Sdenudoni 

Suinn, etc. Pt. 6 ; Siwalik and Narbeda Carnivore. 
. III. pp. xxie, 264, pi*. 38. 1884—86. Pt. 1 ; Additional Siwalik Periaaodactyla and Proboaddla. Pt. 2 ; Siwalik and 

Narbada Hnnodnnt Suina. Pt. 3 1 Undents and new Ruminant* from the Siwalik*. It. 4: Siwalik Bird*. 

Pt. 5 i Mart, don Teeth from Pcrlin Mum 1. PL 6; Siwalik and Narbada Cbelonia. PL 7 ; Siwalik Crocudiba, 

Laccrtilia and Ophidia, PL 8 ; Tertiary PUbee. 
. IV, FL 1 (If 88). Siwalik Mammalia (Supplement 1). pp. 18, pt*. & 

„ „ PL 2 (1886). The Fauna of the Kartml caret (and addendum to Pt. 1); pp. 40 (19— 58), pit. 5 (vii — xi). 
„ ., PL 8 (1887). Eocene Cbelonia frum tbe Salt Range ; pp. 7 (50—85), pU. 2 (xu-xiii). 



(SIBIIS XIII.) 

SALT-RANGE FOSSILS, If WILLIAM WAAOEN, Ph.D. 
Prwluctn*. Limestone Group : VoL I, pL 1 (1879k Pi*ce«, Cephalopoda, pp. 72. pit. 6. 

. mm 2 (1880). Gastropoda and Supplement to pL >. pp. Ill (78— 188), ft* 10 (1 dnabte). 

(Wl-xri) 

„ .. ,. 3(1881). Pelecypoda. pp. 144(186— 328), pi*. 8(xvi>— xxivt 

. 4 0888—86). Brachiopr4a, pp. 442(328— 770). pl». 62 (xxe—lxxxTi). 

_ 6 (1885). HrToino— Annelida— Eehinodermate. pp. 64, 771— 834), pi*. 10 (Uxtvii- 

icri). 



6 (ISSfi). Cirlenterata. pp. 00 . Sit— 924), pi*. 20 ( xcvii— exvi). 

7 (1887). Culenterata, Protoioa. pp. 74(925-1/08). pU. 12 (ciTii- 
Pcetilt from tbe Ceratite Formatloo : Vol. II. p*_ 1 (1805). Plscet— Aniiuouoldca, pp. 1 — 824, pi*. I— XL. 



Oeolreiral Result* ; Vol. IV. pt. 1 (1889), pp. 1—83. pi*. 4. 

„ m 2(1891). PP- 89-242, pi*. 8. 



(SBBXBB VII. XIV.) 

TEBTUBY AND UPPER CRETACEOUS FAUNA OF WESTERN INDIA, »» P. MARTIN DUNCAN and 
W. PERCY BLADEN, e-rceof Pt. 1. »y F. STOLICZKA. 
Vol I. pp. 16 + 110 + 882 + 91 -690, pit. 6 + 28 + 58 + 13-104. 1871—86. PL1; Tertiary Crabt from Sind and Kara. 

PL 1 (new 2) ; Sind Fotail Coral* and Alcyouaria. Pt. 8. The Fottil Echiuoidea of Sind i Fat. 1, Tbe 
Cariita teowatee/t bed*. Fat. 3, The Ra'nikot series in Western Sind j fai .V. I'l.. Kirtiwr Seri... F»i 4, 
Th«i N«rt (Olijrocene) Seria* j Fa,. 5, Tbe Uaj (Miocene) Series; Fat. 6, The Makrin (Pliocene) Serie*. 
Pt 4, The Fottil Echiootdeaof Each and Kattvwar. 



(Siaixt XV.) 

HIMALAYAN FOSSILS, (« CABL. DIENKR, Pu.IX 
Ihe Cenl»lopo.la of the Lower Triae ! VoL II , pt. 1 (1807), pp 1—182, pi*. I— XXIII. 
It.. C..pl.a^vaU of the Muachelkalk ; Vol. 11. pt. 1 (18W). Trias w 1 -US. jfc I-XXXI 

(8iBua XVI.) 

BALUCHISTAN FOSSILS, iy FRITZ NO ET LING, Pb.D., F.G.8. 
Th< FaouB of the Et lawaji of Maiar Drik I VoL I, pt. 1 (1891 Tha.Cepbalopoda, pp. 22, pit. 13 

Thf price fixed for these pub) lotion* it 4 anna* (6 pence) par tingle {date. 



To be bad at the Geological Surrey Office, Calcutta — Loudon I Began Paul, Trench, Trtiboer A Co. 




Digitized by Google 



